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THE PROBLEMS OF THE TIDE 
By H. A. MARMER 


COAST AND GEODETIC SURVEY, DEPARTMENT OF COMMERCE 


S a phenomenon of every-day occurrence the regular rise and 


fall of the tide must have been noted early in the history of 
mankind. It so happens, however, that the maritime people of 
antiquity whose history has come down to us lived close to the 
shores of the Mediterranean Sea where the tide is very small. As 
a consequence, the tide received scant attention from these people, 
since it was of little importance in their every-day affairs, and the 
tidal knowledge possessed by them was not very extensive. 

Not only did the maritime people of antiquity disregard the 
tide for practical purposes, but even as a subject of study and 
speculation tidal phenomena received little attention. In conse- 
quence of the small range of the tide in the Mediterranean the 
tidal phenomena were not very impressive, and the regularity of 
their occurrence was frequently masked by the disturbing effects 
of wind and atmospheric pressure. So far as biblical literature 
is concerned, there appears no direct reference to the tide either 
in the Old or New Testaments. And even in classical literature 
the passages dealing with tides are relatively few in number. 

In common with the early explanations advanced for other 
physical phenomena, the earlier attempts at explaining the tides 
were based largely on fanciful notions. Some of the ancient 
philosophers believed the earth to be an animal; it therefore ap- 
peared entirely logical to ascribe the rise and fall of the tide to 
the breathing of this animal or to its drinking in and spouting out 
a certain portion of the water. Another explanation based on the 
same belief regarded the water as constituting the blood of the 
earth and the tide as the beating of its pulse. 

With the growth of a more critical spirit more rational theories 
were advanced, and we find the tide ascribed to differences in the 
level of the sea, to the discharge of rivers into the sea, to whirl- 
pools and eddies, and finally to sun and moon. Just how early 
the connection between moon and tide had been recognized we 
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do not know; we do however have record of the fact that Pytheas 
of Massilia who lived about 325 B. C., and who navigated the 
ocean from the Strait of Gibralter to the British Isles, noted a re- 
lationship existing between moon and tide. 

When we come toward the end of the first century of the Chris- 
tian era, we find the tides ascribed definitely to the action of sun 
and moon. In his Historia Naturalis, which appeared in the year 
77 A. D., Pliny, the Elder, speaks of the tides in the following 
words : 

Much has been said about the nature of waters; but the most wonderful 
circumstance is the alternate flowing and ebbing of the tides, which exists, 
indeed, under various forms, but is caused by the sun and moon. 

In succeeding passages, Pliny describes some of the principal 
phenomena of the tides. He is aware that there are two high and 
two low waters in a day; that the tides at any given place follow 
the moon’s meridian passage by an approximately constant inter- 
val; that the extent of rise and fall varies with the changing 
phases of the moon, and that the tides are higher at the times of 
the sun’s equinoxes than at the solstices. He does not however 
advance any explanation for the relationship of moon and tide 
except that in the concluding passage of the section devoted to 
tides he says: 

Hence we may certainly conjecture, that the moon is not unjustly 
regarded as the star of our life. This it is that replenishes the earth; when 
she approaches it, she fills all bodies, while when she recedes, she empties 
them. From this cause it is that shell-fish grow with her increase, and that 
those animals which are without blood more particularly experience her influ 
ence; also, that the blood of man is increased or diminished in proportion to 
the quantity of her light;-also, that the leaves and vegetables generally, as 
I shall describe in the proper place, feel her influence, her power penetrating 
all things. 

That the tide is brought about by the combined action of sun 
and moon, Pliny definitely states; but he likewise definitely ascribes 
the leading role to the moon. The early formulation of the prob- 
lem of the tide may therefore be stated as follows: The moon 
governs the rising and falling of the surface of the sea; how does 
the moon do this? 

PROGRESS TO THE TIME OF NEWTON 

This problem of the agency by means of which the moon exerts 
its influence on the waters of the earth appears to have engaged 
the attention of many of the leading philosophers in the centuries 
following Pliny. Thus at the beginning of the eighth century, 
some six hundred years after Pliny, we find the noted English 
scholar, the Venerable Bede, devoting to the tides a chapter in his 
De Temporum Ratione. And while on the English coast the tide 
is a much more impressive phenomenon than on the shores of the 
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Mediterranean, there appears no progress in Bede’s remarks 
toward a solution of the problem of the tide. 

Indeed, virtually no progress can be recorded for sixteen hun- 
dred years following the time of Pliny. While we find Kepler and 
others attributing the tides to an attractive force of the moon 
analogous to magnetic attraction, there were not wanting others, 
among whom must be mentioned Gallileo, who contended that the 
idea of the moon being the principal cause of the tides was pre- 
posterous. The state of knowledge regarding the tide about the 
middle of the seventeenth century is well summarized in the Geo- 
graphia Generalis of Bernhardus Varenius which appeared in 
1650. The following quotation is from an English translation by 
Dugdale in 1733: 

There is no Phenomenon in Nature that has so much exercised and 
puzzled the Wits of Philosophers and learned Men as this. Some have 
thought the Earth and Sea to be a living Creature, which, by its Respiration, 
causeth this ebbing and flowing. Others imagined that it proceeds, and is 
provoked, from a great Whirlpool near Norway, which, for Six Hours, absorbs 
the Water, and afterwards, disgorges it in the same space of Time. Sealiger, 
and others, supposed that it is caused by the opposite Shores, especially of 
America, whereby the general Motion of the Sea is obstructed and rever- 
berated. But most Philosophers, who have observed the Harmony that these 
Tides have with the Moon, have given their Opinion, that they are entirely 
owing to the Influence of that Luminary. But the Question is, what is this 
Influence? To which they only answer, that it is an occult Quality, or Sym 
pathy, whereby the Moon attracts all moist Bodies. But these are only 
Words, and signify no more than that the Moon does it by some means or 
other, but they do not know how: Which is the Thing we want. 

NEWTON ’s CONTRIBUTION 

With the discovery of the law of gravitation by Newton, the 
connection between moon and tide received a rational explanation. 
In his Principia, which appeared in 1687, Newton proved that the 
tides were a necessary consequence of the law of gravitation. The 
sun and moon in their varying positions relative to the earth bring 
about attractive forces which, with regard to the solid earth and 


the overlying waters, are unequal. And it is these differences of 


attraction which give rise to the tides. 

Newton treated the problem as a static one. Simplifying mat- 
ters by supposing the sea to cover the whole earth and to assume 
at each instant a surface of equilibrium, he was able to deduce the 
principal phenomena of the tides in terms of the theory of gravi- 
tation. Thus, from this method of treatment it followed that two 
high and two low waters should occur each day and that the range 
of the tide should be greatest about the times of new and full 
moon and least when the moon was in quadrature. Furthermore, 
morning and afternoon tides should be unequal except when the 
sun and moon are in the plane of the equator. 
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Having shown the adequacy of the theory of gravitation to 
account for the principal phenomena of the tides, Newton did not 
push his investigations further, but left the development of the 
theory of the tides to subsequent investigators. And it appeared, 
at first, as if the problem of the tide were nearing a complete 
solution. 

But it soon became evident that Newton’s theory of the tide 
could not be made to explain a number of important features. On 
the assumption of the surface of the sea being a surface of equi- 
librium in response to the tide-producing forces of sun and moon, 
the range of the tide should not be over three feet, and should 
vary from the equator to the poles. As we actually find the tide 
in nature, however, the rise and fall varies from less than a foot 
to more than forty feet, but without the slightest relation to lati- 
tude. Furthermore, according to this theory, the daily inequality 
in the tides, that is, the inequality in the two high or two low 
waters of a day, should be zero at the equator and very consider- 
able in the higher latitudes. Yet we find this inequality quite 
negligible on the coasts of Europe and very marked in the equa- 
torial regions of the Pacific. 

There are other features of the tide which this theory leaves 
unexplained. In fact, the basis of this static theory is in one re- 
spect completely at variance with the actual condition of things, 
for the surface of the sea in response to the tide-producing forces 
does not even approximate toward a surface of equilibrium. 
Nevertheless, this theory of the tide, as formulated by Newton, 
furnished the foundation on which all subsequent work was based ; 
and in the hands of Daniel Bernoulli (1700-1782) this static theory, 
known as the Equilibrium Theory, was developed sufficiently to 
give it practical value in the prediction of tides for any particular 
port when based on tidal observations made at that port. 

It may be of interest to note here that in 1738—some fifty years 
after Newton’s formulation of the law of gravitation—the 
Académie des Sciences at Paris proposed the problem of the tides 
as the subject of a prize essay. Two years later this prize was 
divided among four contestants: Daniel Bernoulli, professor of 
anatomy and botany at Basel; Colin Maclaurin, professor of mathe- 
matics at Edinburgh; Leonard Euler, professor of mathematics 
at St. Petersburg and the Jesuit Antoine Cavalleri. The three 
first mentioned based their essays on the principle of gravitation 
and on Newton’s theory of the tide, but Cavalleri based his on 
Descartes’ theory of vortices. This appears to have been the last 
honor paid to Descartes’ theory which had already been aban- 
doned by most philosophers in favor of Newton’s more rational 
theory. 
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With the discovery of the law of gravitation, the formulation 
of the problem of the tide became somewhat changed, for it was 
now no longer a question as to the agency by means of which the 
moon controlled the tide. The problem now resolved itself to 
deriving a formula which would express completely the relation 
between the rise and fall of the sea and the tide-producing forces 
brought about by the gravitational attraction of moon and sun. 
This, as we found, Newton’s static theory of the tide did not ac- 
complish. 

THE Dynamic THEORY 

Toward the close of his prize essay on the tides, Euler attempted 
to treat the problem as one of fluid motion. However, the equation 
he derived to express the tidal conditions is regarded as not ex- 
pressing the true tidal conditions, but merely somewhat analogous 
ones. And it is to Laplace that we must credit the first attempt 
at a solution of the tidal problem as one of fluid motion. In 
other words, he approached the problem from the standpoint of 
dynamics and his theory is known as the dynamic theory of the 
tides. 

Laplace’s theory of the tides is contained in his Mécanique 
Céleste, and his contribution has been of profound importance in 
the development of the subject. He determined the fundamental 
tidal equations and expressed the tide-producing forces in the 
form of the potential, from which the actual forces upon any 
point of the ocean can readily be obtained. He showed further 
that these forces could be put in the form of a trigonometric series 
in which the angle varied with the time. But the solution of the 
equations resulting from the dynamic theory, after introducing 
the complex conditions of the existing oceans, either surpasses 
the power of analysis or entails such enormous labors as to be 
practically impossible. So that Laplace’s theory, although very 
profound, does not succeed in expressing by means of a formula 
the rise and fall of the tide as we actually find it in nature. 

A different approach to the dynamic solution of the problem 
was made by Airy, who treated the rise and fall of the tide as the 
movement of waves in canals. While expressly stating that this 
theory was imperfect, since this mode of treatment would not 
apply to every part of the ocean, he nevertheless derived a number 
of important results which serve to explain many of the observed 
phenomena of the tides in rivers and channels to which none of 
Laplace’s results is strictly applicable. 

Following Airy, a number of eminent mathematicians—Ferrel 
and Harris in America; Stokes, Kelvin, Darwin, Rayleigh, Lamb 
and Hough in Great Britain ; Lévy and Poincaré in France; Bérgen 
in Germany—have added to the further development of the theory 





214 THE SCIENTIFIC MONTHLY 


of the tides, either by dealing with the matter directly or by in- 
vestigating some of the mathematical and physical questions in- 
volved. In the meantime there had also occurred a very notable 
increase in our knowledge of the geographical distribution of the 
tides brought about, in part, by the use of the automatic tide gauge 
for securing continuous observations over a considerable period 
of time. 
SUBSTITUTION OF ‘‘PROBLEMS’’ FOR ‘‘THE PROBLEM’”’ 


With the extension of our knowledge of the rise and fall of the 
tide as it actually takes place in the various oceans, it became evi- 
dent that the use of a simple mathematical formula to express the 
phenomenon was becoming increasingly difficult. For the coordina- 
tion of the material at hand necessitated such an overloading with 
corrections of the simpler formule previously in use that the unity 
and simplicity assumed became altogether fictitious. 

There thus came to be a tacit recognition of the fact that in- 
stead of being confronted with a problem of the tide, the phe- 
nomenon involves a number of problems. In other words, the 
tides as they manifest themselves in the various oceans constitute, 
not a single phenomenon, but a number of phenomena united only 
by the bond of a common sustaining force in the gravitational action 
of sun and moon. 

The earliest formulation of the problem of the tide involved 
the determination of the agency whereby the moon controlled the 
tide. With the announcement of the law of gravitation, the prob- 
lem shifted to deriving a mathematical formula to express com- 
pletely the rise and fall of the tide at any point in response to 
the tide-producing forces of sun and moon, this involving the 
assumption that the tide represents a world phenomenon. Now 
we come to a further shift in the recognition that the phenomena 
of the tides as we find them in nature involve a number of prob- 
lems. As matters stand now we may formulate the problems of 
the tide as follows: Given the tide-producing forces of sun and 
moon and the form, size, depth and location of an ocean basin or 
other body of water; required the resulting tidal phenomena. 

It is to be noted that in the present formulation of the old 
**problem of the tide’’ there is a tacit recognition of the fact that 
the tide may not constitute a single world phenomenon, and that 
the tides in any given ocean basin may be independent, to a very 
large extent, of the tides in the other oceans. This change of view 
resulted directly from the increased knowledge of the behavior of 
the tides at various places. The tides of the north Atlantic were 
the ones with which the first investigators were familiar, and the 
ones with which they compared their theories. The tides of the 
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Pacific were found to be considerably different, and the tides in 
the Gulf of Mexico differed still further. And as accurate ob- 
servations for the lesser known regions increased, further differ 
ences in the tides were brought to light. 

This increase in the store of accurate information regarding 
the tides of the seven seas, while disastrous to the elegance of the 
solution of the problem of the tide, permitted a mechanical con- 
ception of the movement of the tide. By a synthesis of the results 
of these widely scattered tidal observations it had become possible 
to construct a theory, based on the observed times and heights of 
the tide, as to the mechanism whereby the tides along the various 
coasts are brought about by the tide-producing forces of sun and 
moon. 

WHEWELL’s PROGRESSIVE WaAvE THEORY 

In 1833 William Whewell presented before the Royal Society 
of London a memoir entitled ‘‘ Essay Towards a First Approxima 
tion to a Map of Cotidal Lines.’’ Included in this memoir was a 
map of the world on which were drawn so-called cotidal lines, that 
is, lines joining points at which high water occurs at the same time. 
On this cotidal map, the tide is shown progressing from south to 
north in the Atlantic, Pacifie and Indian Oceans, while in the 
Southern Ocean, the belt of water that completely encircles the 
globe southward of the great land masses, the tide is shown as 
progressing westward. 

It is to be remembered that tidal observations have been con- 
fined almost without exception to the immediate vicinity of the 
coast, and that over the wide expanses of the open ocean the time 
of high water is not known from direct observations. The joining 
by a cotidal line of two points separated by a wide expanse of water, 
ean only be made in accordance with certain assumptions, and the 
entire character of a cotidal map depends on these assumptions. 
Whewell expressly emphasized this by stating in his conclusion to 
the memoir ‘‘I shall be neither surprised nor mortified if the lines 
which I have drawn shall turn out to be in many instances widely 
erroneous: I offer them only as the simplest mode which I can 
now discover of grouping the facts which we possess.’’ 

The name of Whewell and also that of Sir John Lubbock (1803- 
1865) should have been included in the list of those whose work 
contributed considerably to the advancement of our tidal know!l- 
edge. Dealing largely with observational results these two inves- 
tigators analyzed and coordinated enormous masses of tidal data 
at various ports. And it was at Whewell’s suggestion that in 1835 
the United States and several European countries cooperated in 
securing simultaneous tidal observations covering a period of 
about three weeks at a number of points. 
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As represented by Whewell the tide has its origin in the South- 
ern Ocean. Here, it was argued, the tidal forces have almost un- 
interrupted sway and the moon in its journey around the earth 
compels the tide in this ocean to keep time with its own motion. 
And it is from this tide wave, which is constrained to keep step 
with the moon, that tides are propagated to the north through the 
three great channels of the Atlantic, Pacific and Indian Oceans. 

Whewell’s progressive wave theory, or, as it is frequently called, 
the Southern Ocean theory, therefore sets up the forced tide wave 
in the Southern Ocean as dominating the tides of the world. From 
this primary forced tide wave, progressive waves set northward 
through the various oceans at a rate dependent on the depth of the 
tidal waterway. And the differences in the times, ranges and types 
of the tide are accounted for as being due to differences in depth 
and width of channel, to changes in the configuration of the shore 
line and to interferences of tide waves coming from different 
directions. 

This progressive wave theory has many things in its favor: it is 
very plausible and explains certain features of the tides as they 
are found in nature. And it has had many distinguished propo- 
nents, notably Sir George Darwin, son of the great Darwin and 
himself a mathematician of the highest rank. To quote Darwin, 
‘*It is interesting to reflect that our tides to-day depend even more 


on what occurred yesterday or the day before in the Southern 
Pacific and Indian Oceans than on the direct action of the moon 


to-day.’’ 

Too many of the characteristics of the tides however, are left 
by the progressive wave theory to be explained by changes in cross 
section of channel, configuration of coast line and by interferences 
of tide waves coming from different directions. Moreover, a num- 
ber of investigators had from time to time suggested stationary 
waves or oceanic oscillation as a probable explanation of the very 
considerable rise and fall of the tide at many places on the open 
coast. And at the beginning of the present century the stationary 
wave was made the basis of a new theory of the tide. 


Harris’ STATIONARY Wave THEORY 


This newer theory is diametrically opposed to the ideas ad- 
vanced by the Southern Ocean theory of the making of the tide. 
It does away with the conception of a single world phenomenon 
and substitutes regional oscillating areas as the origin of the domi- 
nant tides of the various oceans. It may be of interest to note 
here that the older theory is due to European mathematicians and 
tidal workers, while the newer theory is the outgrowth of American 
genius. Almost entirely, the stationary wave theory is the work 
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of one man, the late R. A. Harris of the United States Coast and 
Geodetic Survey. Before taking up this newer theory, it will be 
of advantage to digress for a moment to a consideration of pro- 
gressive and stationary waves. 

Along the coast we are familiar with the waves that come in 
from the ocean, the crests of which progress uniformly from point 
to point. If for the moment we call the crest of sueh a wave high 
water and its trough low water, it is evident that when this wave 
travels over a body of water, the times of high and low water will 
progress uniformly from one end to the other of the body of water. 
This kind of wave is known as a progressive wave, and such a wave 
travels with a speed depending on the depth of water. 

A wave of a totally different kind may also be made to travel 
through a body of water. Suppose we have a vessel, say a 
rectangular tank, partly filled with water. If we raise and then 
immediately lower one end, a wave will be started which puts into 
oscillation the whole body of water. But it will be noticed that 
high water will occur at one end when it is low water at the other 
end, and that for the body of water as a whole, high water will 
occur simultaneously for one half at the same instant that it is 
low water for the other half. This type of wave is known as a 
stationary wave. 

If we start stationary waves in tanks of various lengths filled 
with water to different depths, we will find that the time taken 
for a wave to travel from one end to the other and back, or the 
period of the wave, depends only on the length of the tank and the 
depth of the water. And if it is desired to maintain a wave of 
this kind in a tank, it is only necessary to apply a slight force to 
the tank at regular intervals; but it will be found that if this foree 
is applied at intervals that coincide with the period of the wave 
we will have the maximum results. 

Now to come back to the tides, the Stationary Wave theory 
states that the dominant tides of the world are caused by station- 
ary waves which are set up and maintained in various portions of 
the oceans by the periodic tidal forces of sun and moon. Accord- 
ing to this theory therefore, the tides do not constitute a general 
world phenomenon, but are local phenomena, the tides of any 
given region being due primarily to the stationary wave oscilla- 
tion of that region. 

The principal tidal forces of sun and moon have a period of 
about half a day. A stationary wave of the same period, in the 
deep waters of the ocean, has a length of approximately five thou- 
sand miles. On a map of the world that shows soundings we ean 
therefore locate regions which have the requisite lengths and depths 
to support a stationary wave having the same period as the prin- 
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cipal tidal forees. Dr. Harris has done this and has outlined the 
systems of oscillating areas for the various oceans; and further- 
more, by theoretical considerations, he has connected the phases of 
oscillation of these systems with the phases of the tide-producing 
forces. 

The stationary wave theory thus makes of the tides of any 
given body of water a separate and distinct problem. If the body 
of water is small and sufficiently deep, we shall have equilibrium 
tides, that is, the surface will arrange itself normal to the direction 
of terrestrial gravity as disturbed by moon and sun. If the body 
of water is situated along the coast, the tide may be due either to 
a progressive wave from an oscillating system of the open sea or 
to a dependent stationary wave excited in the body of water itself. 
But in the open ocean the dominant tide is due to a stationary 
wave oscillation brought about by the tide-producing forces of sun 
and moon acting upon such portions of the ocean basin as are sus- 
ceptible of sustaining stationary waves having the same period 
as the tide-producing forces. 

It was unfortunate for the stationary wave theory that at its 
birth it met with adverse criticism at the hands of Sir George 
Darwin, who dissented absolutely from the views advanced by 
Harris. In his well known book on The Tides and Kindred Phe- 
nomena in the Solar System, Darwin further disparaged this fea- 
ture of Harris’s work by stating that ‘‘One cannot but admire his 
courage in attacking so formidable a problem ; but I do not propose 
to explain his conclusions because I cannot bring myself to believe 
in the trustworthiness of the principles on which he relies.’’ 

Darwin’s adverse criticism, in view of his well-deserved repu- 
tation as an authority on tidal matters, together with the weight 
carried by the name of Darwin, resulted in bringing Harris’ theory 
into disfavor in Europe for some time. But in 1910 there appeared 
the third volume of Poinearé’s Lecons de Mécanique Céleste in 
which after subjecting the various tidal theories to searching analy- 
sis, the great master states ‘‘Il est vraisemblable que la théorie 
définitive devra emprunter a celle de Harris, une part notable de 
ses grandes lignes.’’ Due to Poincaré’s exposition of Harris’ work 
and also to the ease with which a number of otherwise baffling 
questions can be answered by the aid of the stationary wave theory, 
recent tidal researches have come more and more to be based on 
this newer theory of the tide. 


THE PREDICTION OF TIDES 
In the development of the theory of tides, a number of inter- 
esting collateral problems have been brought to light. As exam- 
ples we may mention the determination of the mass of the moon 
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from the observed heights of the tide; the prediction of the times 
and heights of high and low water; the determination of the rigid- 
ity of the earth from tidal observations; the effects of tidal frie- 
tion; the variations in mean sea level. Even the briefest discus- 


sion of these collateral problems would not be possible in the present 
paper and we shall therefore limit ourselves to summarizing the 
work on two of these problems, namely, the prediction of tides and 
the effects of tidal friction. 

An advance knowledge of the times and heights of high and 
low water is obviously of considerable importance to the mariner 
in entering or leaving a harbor; and the practical value of such 
knowledge led, early, to the prediction of tides for the construc- 
tion of tide tables. It may perhaps be of interest to note here 
that the oldest tide table of which there is record is one now in 
the library of the British Museum. It is a manuscript table that 
appears to have been written in the thirteenth century, and gives 
the time of ‘‘flod at london brigge,’’ that is, the time of high water 
at London Bridge. The time of high water as shown in this old 
tide table is made to increase by a constant difference of 48 min- 
utes from day to day and is given not for calendar days of the 
month, but only with reference to the age of the moon. 

To predict the tides two different methods have been employed. 
The older one, technically known as the nonharmonic method, is 
based on the close relationship existing between the time of high 
or low water at any given place and the moon’s meridian passage. 
It begins by determining, from tidal observations made at the port 
for which predictions are desired, the time intervals elapsing be- 
tween the moon’s meridian passage and the occurrence of high and 
low water. These time intervals, known respectively as the high- 
water and low-water lunitidal intervals, have an approximately 
constant value for any given place and after having been once 
determined from a month or more of observations, may be used 
for making a rough tide table for that place by adding to the times 
of the moon’s meridian passage as given in a nautical almanac. 

As stated above, the lunitidal intervals for any given place are 
only approximately constant. During a lunar month they undergo 
periodic changes, depending principally on the variations in phase 
and declination of the moon. From long series of tidal observa- 
tions these periodic changes may be determined, and by using these 
as corrections to the lunitidal intervals, satisfactory predictions 
of the times of high and low water may be secured. And for many 
years the tide tables issued in the various countries were con- 
structed substantially as here outlined. 

The height of the tide was predicted in a similar manner. The 
average heights of high and low water at the port for which pre- 
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dictions were desired were determined from observations. To 
these average heights there were then applied corrections for 
changes in the phase and parallax of the moon, these corrections 
likewise being derived from observations. And the tide tables pro- 
duced by this method worked quite satisfactorily for Europe and 
for the Atlantic coast of the United States, where the tide is of a 
simple type. But when the nonharmonic method is used for the 
prediction of tides of a more complex type, such as found on the 
shores washed by the Pacific and Indian Oceans, it necessitates so 
many corrections as to become prohibitive. Before the need for 
accurate tide tables covering the whole maritime world became press- 
ing, the mathematician had introduced a more powerful method 
for the prediction of tides, known as the harmonic method. 

In the harmonic method the tide is conceived as being made up 
of a number of simple harmonic waves, each of which may be re- 
ferred to some motion of sun or moon. In other words for sun and 
moon as tide-producing agencies this method substitutes a number 
of hypothetical tide-producing bodies which, with respect to the 
earth, have circular orbits in the plane of the equator. Each of 
these simple tide-producing bodies is assumed to give rise to a tide 
of its own kind, and the tide as it actually occurs in nature is thus 
considered as being made up of a number of simple harmonic tide 
waves each of which has a period corresponding to the period of 
its particular hypothetical tidal body. 

The periods of revolution of the assumed tidal bodies and hence 
the periods of the simple constituent tides, are determined once 
for all from the known motions of sun and moon. These periods 
being independent of local conditions are therefore the same all 
over the earth; what remains to be determined for the various sim- 
ple constituent tides is their phases and amplitudes which vary 
from place to place and which can be determined accurately only 
from observations. The mathematical process by which these 
phases and amplitudes are disentangled from the tidal observations 
at any place is a very ingenious one known as the harmonic analy- 
sis and is due to that versatile British mathematician, William 
Thomson, better known as Lord Kelvin, who first proposed it in 
1867. Since that time the harmonic analysis has been extended 
and perfected chiefly by Darwin, Ferrel and Harris. 

Now it is obvious that when the period, phase and amplitude 
of a simple harmonic constituent tide is known, it is not a difficult 
matter to find the height of the tide due to that constituent at any 
given future time. To predict, therefore, the tide that will actually 
occur at some future time, it is only necessary to add together the 
heights of the constituent tides at that time. The labor involved 
in doing this by ordinary methods of computation, however, is so 
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great as to be prohibitive, and it was only after Lord Kelvin had 
devised a machine which mechanically effects the summation of 
all the various tidal components, that the prediction of tides by 
the harmonic method was put on a practical basis. 

Since Kelvin’s first tide predictor, made in 1872, there have 
been introduced improved mechanical tide predictors, notably two 
devised in the U. 8S. Coast and Geodetic Survey, the earlier one in 
1883 and the later one in 1910. In the tide tables for our own 
country, issued annually in advance by the Coast and Geodetie 
Survey, all the predictions are made by means of the mechanical 
tide predictor and this is also true to a large extent of the tide 
tables published by the other leading maritime nations. And the 
accuracy of these predictions as determined by comparison with 
the actual times and heights of the tide is all that one can expect 
in view of the disturbing influences of wind and weather. The 
problem of the prediction of tides, in so far as this is based on 
previous observations made at any given port, may therefore be 
considered as completely solved. 


Tue Errects oF TIDAL FRICTION 


In the motion of the waters brought about by the tides, fric- 
tion is produced by the movements of the water particles against 
each other, by the movement of the water over the beds of seas and 


rivers and by the movement of the water on the shelving shores 
along the coast. There is, furthermore, friction produced in the 
yielding of the solid earth to the tide-producing forces of sun and 
moon. This tidal friction consumes energy which can come only 
from the rotational energy of the earth. In other words, tidal 
friction acts as a sort of brake on the rotating earth, tending to 
reduce its rotational velocity and as a consequence tending to make 
the day longer. The stock of energy possessed by the earth, how- 
ever, is so enormously great as compared with the friction produced 
by the tides that it is only by a minute quantity that the day is 
lengthened by tidal friction even over a period of years. And 
while attempts at an accurate numerical estimate of the amount of 
this lengthening of the day has thus far been unsuccessful it ap- 
pears probable that it is of the order of something like the thou- 
sandth part of a second in a century. 

The effect of tidal friction is not confined to the earth alone, 
but makes itself felt on the moon. A mathematical investigation 
proves that besides decreasing the rotational velocity of the earth, 
tidal friction also tends to increase the period of revolution of the 
moon and to increase the distance between earth and moon. All 
these effects of tidal friction are exceedingly small now, but they 
have been operating for untold ages, so that by this time the eumu- 
lative effect must be considerable. 
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With these conclusions as to the effects of tidal friction, sup- 
pose we go backward in time and attempt to trace the early history 
of the earth and moon. Let us go so far back that the whole life 
of man on this earth is but a day in the reckoning, back to the time 
when according to the nebular hypothesis our earth was a molten 
mass. As we travel backward through time we are undoing the 
effects of tidal friction and the day is becoming shorter, the moon 
is approaching nearer the earth and the month is becoming shorter. 

But it is to be noted that when the moon was nearer the earth 
the tides raised were much greater than now, for the tide-producing 
power of a heavenly body varies inversely as the cube of its dis- 
tance from the earth. And aside from the increased friction due 
to the greater tides, the tidal friction varies inversely as the cube 
of the moon’s distance from the earth. Hence the efficiency of 
tidal friction in increasing the length of day and month and the 
distance between earth and moon varies inversely as the sixth 
power of that distance. So that when the moon was one tenth her 
present distance from the earth, the effects of tidal friction were 
one million times as great as they are now. It follows therefore 
that although the effects of tidal friction now are excessively small, 
they were enormously greater in the remote past when the moon 
was nearer the earth. 

Based on considerations as outlined above, Sir George Darwin 
has investigated the subject mathematically and developed an ex- 
ceedingly interesting and very plausible theory as to the early 
history of earth and moon, from which it appears probable that 
the moon was at one time part of our earth. 

The effect of tidal friction is to make both the day and month 
longer, but the increase in the length of the day is greater than the 
increase in the length of the month. It follows therefore, disre- 
garding any counteracting influences that may intervene, that a 
time will come in the distant future when the day and the month 
will be of the same length. At this time moon and earth will be 
presenting the same faces to each other all the time and the moon 
will have ceased producing any tides on the earth, although the 
sun will still bring about a rise and fall of the surface of the sea. 

The above is but a very meagre outline of this exceedingly 
interesting problem. But taken with what precedes it is probably 
sufficient to indicate the nature of some of the problems of the 
tide. Prior to the formulation of the law of gravitation, the study 
of the tide had engaged the attention of the leading philosophers ; 
and since Newton’s time many distinguished mathematicians have 
contributed to its development. It still constitutes a fertile field 
for research, offering to the investigator a number of interesting 
problems. 
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_ are times when we need to remind ourselves that the 
organism—the real organism, which lives and grows, and 
functions and acts, and in some eases thinks—is not an isolated 


phenomenon in nature, but is part of a complex system of inter- 


acting forces. It is utterly unintelligible, indeed we shall see pres- 
ently that it does not even exist, except in organic relation to the 
outer world. Nevertheless, various trends in present-day biologi- 
eal discovery and speculation have confirmed us in the habit of 
viewing the living being as a distinct and independent entity, and 
of underrating the importance of a thorough knowledge of its en- 
vironmental relations. Add to this the inevitable increase of spe 
cialization in all fields of science, which has tended to separate and 
to keep apart those whose studies relate chiefly to the isolated 
organism from those who are concerned primarily with its condi- 
tions of life and occurrence in nature. It is possible that these 
tendencies have already passed their zenith, and that the move- 
ment toward a greater measure of integration in biology is making 
satisfactory headway. But a perusal of the writings of those who 
form the dominant groups at the present time does not furnish 
much ground for this belief. 

Let me be somewhat more concrete in regard to the causes 
which have led to this relative neglect of the environment by 
modern biologists. Morphology has for years, and perhaps un- 
avoidably, confined itself to the study of preserved organisms, or 
more frequently of the excised organs or tissues of organisms. 

Physiology—when it has broken away from medical bondage 
and asserted its rights as an independent science—has commonly 
studied the activities of animals or plants, or isolated parts thereof, 
under strictly ‘‘controlled,’’ i. e., highly unnatural conditions. 
Taxonomy has dealt with collections of stuffed, pickled, pressed 
or otherwise preserved material. There has frequently been a rigid 
division of labor between the collector, who gathers and preserves 
the specimens, and observes them in nature, and the systematist, 
who studies and classifies them in his laboratory or museum, with- 
out such clues as are afforded by a knowledge of their local dis- 
tribution, seasonal occurrence, life history, ete. 
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When we come to my own special field of genetics, this 
apotheosis of the organism and relative neglect of environmental } 
factors is particularly evident. Strictly speaking, it is not even the 
organism here which is exalted into this position of well-nigh ex- 
clusive interest. It is that more or less imaginary entity, the ‘ 
‘‘verm-plasm,’’ which is conceived to flow on through the ages as 
an uninterrupted ‘‘stream,’’ giving rise, at intervals, to ephemeral 
and relatively unimportant objects, the bodies of the individual 
organisms. Within broad limits, this ‘‘germ-plasm’’ is not sup- 
posed to be affected by the environment at all. It may, it is true, 
be killed by lack of food, extremes of temperature, or the like, 
or a particular ‘‘stream’’ of germ-plasm may at any time be 
brought to an untimely end by its failure to produce individuals 
which are adapted to their special conditions of life. But, aside 
from this process of selective elimination, the environment is not 
credited with the power of calling forth adaptive changes of a 
hereditary nature. Furthermore, many biologists are at present 
dubious as to whether environmental influences are capable of 
producing germinal changes of any sort, even those which result 
in the ‘‘mutations’’ upon which selection is supposed to act. 

The great volume and the high importance of researches in 
Mendelian heredity during the past two decades have lead to a 
virtual identification of genetics with Mendelism. This statement 
applies not only to the rather confused notions of the layman, but 
to the deliberate utterances of the expert, who sometimes explicitly 
defines the word genetics in this restricted sense. Now Mendelism, 
as we all know, is concerned with the mode of transmission of 
certain more or less distinguishable ‘‘unit-characters’’ of the or- 
ganism. These last, in turn, are supposed to be the visible mani- 
festations of independent, indivisible, and in a high degree un- 
alterable ‘‘factors’’ in the germinal substance. Occasional in- 
stances are cited, to be sure, in which particular unit characters 
depend for their manifestation upon particular conditions of the 
environment, and certain geneticists believe—usually as an article 
of faith—that unit factors may undergo ‘‘mutation’’ as the result 
of sufficiently potent changes in the external conditions. But, on 
the whole, the general effect of Mendelian studies has been to em- 
phasize the isolation and independence of the organism—or at 
least, of its unit factors—and to minimize the importance of the 
environment, except as imposing limiting conditions to existence 
or growth. . 

After more than a generation of stalwart drubbing, Lamarck- 
ism is believed by most biologists to have yielded to the inevitable 
and to have gone to its last repose in an unhallowed grave. Not 
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only are individual acquirements believed to be incapable of 
hereditary transmission, but for man, at least, the réle of external 
circumstances in the development of both body and mind, during 
the single lifetime, is frequently denied any very high impor- 
tance. Environment—the ‘‘culture medium’’—must furnish a 
certain low minimum of requirements for normal development. 
Beyond that, it is impotent to alter the preordained course of the 
individual life history. 

The foregoing picture is not intended primarily as an indiet- 
ment of recent biological philosophy. My chief object has been to 
point out some of the reasons for the relative neglect of the natural 
environment as an object of biological research. That the prevail- 
ing viewpoint which I have outlined above, is largely founded upon 
exact knowledge must, I believe, be admitted. That it represents 
an extreme position, and overlooks important lines of evidence, is 
to some of us equally clear. While I can not here enter into an 
extended justification of this last contention, I feel bound to indi- 
eate rather briefly the sort of facts upon which it is based. 

In the first place, one can not overlook the utter bankruptcy 
of the Mendelian-Mutation scheme of things to account for evolu- 
tion, and particularly to account for the origin of adaptive struc 
tures and functions.' Hereditary differences among organisms, ac 
cording to this theory, depend upon the presence, in their respective 
‘*gerta-plasms,’’ of somewhat different unit factors. Every nat- 
ural species and most artificial races are known to be far from 
homogeneous in their hereditary make-up. As the result of selec 
tion—natural or artificial—individuals carrying certain favorable 
factor combinations may be perpetuated to the exclusion of others. 
As long as this process of sorting out is possible, the average char- 
acter of the race may be altered in one direction or another. Sooner 
or later, however, we reach a condition in which all members of 
our selected strain possess the particular factor combination that 
insures the highest possible manifestation of the character for 
which we are selecting. In respect to these particular factors, our 
material has become homogeneous, and further progress along this 
line must cease. 

Now, as a matter of fact, we all know that in some cases such 
progress has been continued indefinitely. We may point to abun- 
dant instances from nature, in which a tendency, once started, has 
been continued throughout ages of geologic time. The reduction 
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1One prominent geneticist, Heribert-Nilsson, when confronted with the 
contradiction between the ‘‘facts’’ of Mendelism and the ‘‘theory’’ of evoln 
tion, escapes from his dilemma by casting the latter overboard! (Festkrift 
Lunds Universitet, 1918). 
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of the lateral toes of the horse’s foot is an often cited example, 
which is as good as any. Certain breeding experiments, likewise, 
have shown the possibility of continuous modification throughout 
many generations. In some instances, this has occurred among 
the cultures of those who insist most strongly upon the truth of 
the ‘‘sorting out’’ conception of selection. Occasionally, too, there 
seems to be a sudden revival of the efficacy of the selective process, 
some generations after stability seemed to have been reached. 

We are all familiar with the current explanation of these phe- 
nomena. Effective selection, in a race which has become homo- 
geneous in respect to the factors concerned, is only possible through 
the occurrence of ‘‘mutations’’ or spontaneous changes in these 
factors. If such changes chance to occur in the same direction 
as the changes which were initiated by our selective process, the 
latter is given a new lease of life, until a condition of racial uni- 
formity is once more established. 

It is well to consider for a moment where such a conception 
leads us. There would seem to be nothing particularly mysterious 
in the fact that a race of organisms should undergo continuous 
changes in a given direction, as the result of ‘‘mutations,’’ arising 
without any reference to environmental needs. Progressive 
ehanges are going on all about us in the inorganic world, some of 
these continuing for untold periods of time. What does need ex- 
plaining is the fact that these changes, in the organic world, are so 
often in the direction of increasing adjustment to the conditions 
of life. Darwin’s explanation of this fact—one which he felt 
obliged to supplement by another quite different explanation— is 
known to us as the theory of natural selection. 

At the present day, there are probably as many estimates of 
the effectiveness of natural selection as there are biologists who 
are competent to express an opinion on the subject. All are prob- 
ably agreed that it must be regarded as one of the factors of evo- 
lution. But most recent biologists are strongly impressed by 
various considerations which were either unknown to Darwin or 
were probably not sufficiently recognized by him. In the time al- 
lotted I can speak of only one of these. This is the inadequate 
supply of variations which are actually available as material for 
selection. At a time when most individual differences were believed 
to be more or less hereditary, and when practically no bounds had 
been set to the efficacy of the selection, it was much easier to assert 
the ‘‘all sufficiency’’ of this principle as the cause of progressive 
evolution. Even then, it must be remembered, there were many 
who denied the possibility that wholly random variations could 
furnish an adequate basis for evolution through natural selection. 





~ 
ad 

















amen it 








THE ORGANISM AND ITS ENVIRONMENT 227 


In recent years, this difficulty has been magnified many fold. 
A large part of the variability of organisms, including many dif- 
ferences of survival value in the struggle for existence, are be- 
lieved to be ‘‘somatic’’ or ‘‘phenotypic’’—that is to say, non- 
hereditary. In respect to any given character, so much of the 
variability as is found to be inheritable is attributed to the action 
of relatively small numbers of unit-factors, which can be readily, 
and rather speedily, segregated in particular descent lines, if the 
degree of selection is rigid enough. Thus a very limited amount 
of permanent modification may be brought about fairly promptly. 
After that, we are forced to wait for the decidedly capricious 
process of mutation to help us further along the road. 

One having a limited acquaintance with the discoveries of Mor- 
gan and his co-workers might be disposed to exclaim at this point: 
That is easy! New mutations are coming to light every day in 
the case of Drosophila. Would not this prove to be true with every 
race of organisms, if studied intensively ? 

I fear that such persons are leaning on a very frail reed. When 
we examine into the nature of these mutations of the fruit-fly, we 
find very little promising material for a theory of progressive 
evolution. Many of them are obvious deformities and abnormali- 
ties, not only in the sense of being departures from the typical 
condition, but in the sense of rendering the insects unfitted for 
life in nature. The body may be warped, the wings so abbre- 
viated as to be useless, the legs duplicated or greatly shortened, 
the eyes reduced in size or suppressed altogether. Many of the 
mutant factors described by these authors belong to the class 
known as ‘‘lethals.’’ That is to say, their presence in a homozy- 
gous condition results in the death—or failure to appear—of all 
the organisms so affected. Indeed, most of the mutant strains 
are distinctly less hardy, or more difficult to raise, than are flies 
of the wild type. The best that can be said for any of the modifi- 
eations thus far appearing is that they are harmless to the organ- 
ism. Those which are not positively deleterious consist in changes 
in the color of the body or eyes, in the number or form of bristles 
on the thorax, and other trivial departures from the normal con- 
dition. So far as I know, not a single one of these mutations 
and there are some two hundred of them described—ean be said 
to represent a better adapted type of organism. With a very few 
exceptions, they consist in obvious losses of structures or materials 
previously present. 

We are not, of course, warranted in coneluding from this 
that mutations of evolutionary value never occur. It is quite 
possible that they do. But what we actually know at present re- 
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garding such mutations as occur in our breeding cultures affords 
no safe ground for the belief that evolution has come about 
through the accumulation of these by natural selection.’ This belief 
seems particularly difficult in the case of very slow breeding ani- 
mals, such as the elephant, which have none the less undergone 
enormous structural modifications during relatively brief periods 
in the earth’s history. 

Here then is one difficult situation in which we find ourselves, 
if we follow the lead of the majority group of biologists in ques- 
tioning the positive effectiveness of the environment as an agency 
in evolution. Are we not brought back to a viewpoint similar to 
that of Naegeli, who held ‘‘that animals and plants would have 
developed about as they have even had no struggle for existence 
taken place, and the climate and geologic conditions ..... been 
quite different from what they actually have been?’ According 
to Naegeli, the environment has had merely a pruning effect upon 
the tree of life, eliminating certain branches and permitting cer- 
tain other others to grow. If this be the truth, we must, of course, 
accept it. But we should accept it on evidence, and not on an- 
thority. 

That the environment may have had a far more positive in- 
fluence upon evolution than is admitted by the Mendelian-Muta- 
tionist school of biology is further rendered probable by certain 
recent experiments. I refer particularly to the remarkable work 
of Guyer and Smith upon the inheritance of artificially induced 
eye defects in rabbits. The studies of these authors seem to prove 
conclusively that one particular class, at least, of ‘‘acquired char- 
acters’’ may be transmitted indefinitely from one generation to 
the next. And the mechanism by which these acquired characters 
seem to have been registered in the germ-cells is of a type which 
is conceivably operative on a large scale throughout the living 
world. I am waiting with interest to see whether the results of 
these remarkable experiments are to be explained away or robbed 
of their significance for biological theory.‘ 

Another field in which this depreciative attitude toward the 
power of environment is at present conspicuous is that of eugenics 
and the study of character formation in man. Since I have recently 


2 Professor Bateson, who is usually regarded as a pioneer ‘‘ mutation- 
ist,’’ has recently declared (Scrence, January 20, 1922) that ‘‘we have ne 
reason to suppose that any accumulations of characters of the same order’’ 
fi. e., ‘*tramsferable’’ or segregating ones] ‘‘would culminate in the pre- 
duction of distinct species.’’ 

3 Kellogg (Darwinism Today, p. 278). 

‘For present purposes it is immaterial whether these phenomena be 
attributed to ‘‘parallel induction’’ or to ‘‘somatic induction.’’ 
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published a special article on this subject,’ | shall take the liberty 
of quoting rather extensively from this. My first object in the 
article referred to was to point out the very general confusion 
which exists regarding the relations between heredity and environ- 
ment in human development. 


‘*Every ‘character’ (whether we mean by this word a bodily part or 
organ, or a trait or mental disposition) has a hereditary basis. Likewise, 
every character is due, in its final state, to the interaction of this hereditary 
basis with other parts of the developing body, and with the sum-total of 
external conditions, physical and biological, which we call the ‘environment’ 
of the organism. 

‘* However, it seems quite proper to speak of differences between two 
organisms as due solely to heredity or solely to environment. Thus plants of 
different stock, reared under identical environments, might differ greatly in 
size or in other respects. These differences would be of purely germinal 
origin. On the other hand, two plants of identical heredity might be reared 
in different soils and come to differ widely in size or otherwise. Such differ 
ences would be purely environmental. 

‘* .... The familiar question, Which is the more important, heredity 
or environment? is not capable of answer when stated in that form. One 
might as well ask, Which are the more important in the construction of a 
house, the building materials or the carpenters? We may, however, as just 
indicated, frame the question in another way: Are the differences which we 
observe among our fellow men due chiefly to differences of heredity or to 
differences of environment, using the last term in its broadest sense? Even 
here, we must be more explicit. Do we refer to the differences between the 
white man, the Chinaman, and the negro, or do we refer to the differences 
which we observe among individuals of the same race? The differences 
between the various races would be granted by most persons to be hereditary. 
But the differences within a given race are regarded by many as being due, 
in large degree, to the circumstances of life—to feeding, home surroundings 
and ‘bringing up.’ This is claimed particularly for the mental and moral 
characteristics. ’’ 


‘*FPrancis Galton, after reviewing the evidence derived from the study 
of identical twins, thus expresses his belief regarding the relative potency of 
heredity and environment in determining human differences: ‘There is no 
escape from the conclusion that nature prevails enormously over nurture, 
when the differences of nurture do not exceed what is commonly to be found 
among persons of the same rank in society and in the same country.’ 

‘*And truly, I do not see how we can escape this conclusion, if we bear 
in mind Galton’s reservation. . . 

**T think it likely, however, that many recent geneticists, especially some 
of those who are active in the eugenics movement, would throw out Galton’s 
reservation and insist that ‘nature prevails enormously over nurture’ in deter- 
mining the mental and moral differences among an entire population, regard 
less of its social strata. 

‘*The opposite, or ‘environmentalist’ philosophy, in its extreme form, 


5 Heredity, environment and responsibility. Bulletin of the Scripps 
Institution, No. 10, July 2, 1921. 
*See Popenoe and Johnson, ‘‘ Applied Eugenics,’’ p. 3. 
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would assert that almost any individual may be given almost any type of 
physique, intellect, or moral character, if taken sufficiently early and sub 
jected to a proper regimen during the period of growth and character 
formation. .... 

‘*Tt is my own belief that the scientific geneticists and eugenicists are 
much nearer the truth than the mere undisciplined lovers of mankind, but 
that they have been led into a somewhat extreme position by their efforts to 
square the facts of life with certain biological theories. Now there are various 
considerations of a strictly scientific nature which would seem to establish 
the presumption that non-inherited factors in the formation of human char 
acter should be given more weight than is frequently accorded them by 
biologists. 


’* 


The time at my disposal does not permit of an adequate dis- 
cussion of these considerations. I shall restrict myself to a brief 
mention of one of them. This is the probability, admitted by most 
biologists, that civilized man has undergone little if any improve- 
ment in his inherent mental make-up since the dawn of history. 

While it is not necessary to admit such extreme claims as have 
been made by some biologists, I think there is no escape from the 
conclusion that mankind, or the civilized part of it, has made little 
advance in potential brain power during the entire period of his- 
tory—little in comparison with his racial achievements in science, 
philosophy, art, invention, morals, ete. In other words, human 
progress has been extrinsic rather than intrinsic. We have built 
up an enormously complex world of racial aequirements, consisting 
of customs, laws, and knowledge, as well as all the physical para- 
phernalia of civilization. 

Thus, if it is really true that the innate brain power of man- 
kind has undergone little or no increase since paleolithie times, the 
higher mental status of the modern man is due almost wholly to 
a fuller development in each of our lives of potentialities which 
were present in the man of the Old Stone Age. This, of course, 
is but another way of saying that even such enormous differences 
as distinguish a Cro-Magnon ecave-dweller from a modern Euro- 
pean are chiefly, if not wholly, environmental. 

It may be worth while, in the interests of clear thinking, to 
undertake an analysis of this distinction which we are so prone 
to draw between organism and environment. How far is this 
antithesis a real one, and how far is it a mere matter of conveni- 
ence? Let us consider this question, first of all, in its bearing upon 
the science of genetics. 

The sum-total of causal agencies which result in the production 
of a complete organism from a fertilized ovum are commonly 
grouped under two heads: (a) the material constitution of the 
fertilized ovum itself, particularly of its chromosomes; and (b) 
external influences which act upon the developing organism, from 
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the moment of fertilization to the close of the life cycle. This 
classification corresponds in the main to the familiar antithesis 
between heredity and environment, nature and nurture. As a 
matter of fact, the distinction thus drawn is largely a chronological 
one, the influences acting before fertilization being lumped together 
along with ‘‘nature,’’ those acting after that event being assigned 
to ‘‘nurture.’’ If we insist that heredity relates only to the ‘‘in- 
trinsic’’ factors in the situation—to the material constitution of 
the ‘‘germ-plasm’’ independent of environmental influence at any 
period—it seems to me that we are dealing with something purely 
imaginary. There never is a period in the history of the germ 
eells or their forerunners when they are not vitally dependent 
upon their living environment. Every step in their history in- 
volves an interaction between certain factors which may be ealled 
‘*intrinsie’’ and other factors which are external to these. What 
is ‘‘intrinsie’’ at one moment may have been 
ment before. Whether this relation is of a type which makes pos- 
sible the form of inheritance assumed by Lamarck is a question 
which we need not consider here. I merely wish to point 


; 


‘extrinsic’’ the mo- 


out that no hard and fast distinction can be drawn between 
heredity and environment as conditioning the life of an organism. 
The distinction is largely one of chronology, and the moment of 
demarcation between the two must be chosen rather arbitrarily. 
In practice, to be sure, the distinction implied by these words is in 
the highest degree useful. But we should not imagine that it is 
an absolute one. 

[It may be of interest to carry this analysis a step further. | 
am prepared to defend the somewhat paradoxical thesis that the 
organism and its environment constitute an inseparable whole; 
that if we could detach all environmental elements from this com- 
plex there would be no organism left. Nor do I intend this as a 
mere bit of Hegelian dialectic. A moment’s reflection serves to 
show that we can draw no sharp line of division, not even a theoret- 
ical one, between the two. 

If I should ask you whether the nest of a bird constituted a 
part of the organism or a part of its environment, I presume that 
every one present would resent the question as an insult to his 
intelligence. Nor would there probably be any hesitation if the 
question related to the patch-work dwelling of a caddis-worm, even 
though this dwelling is carried around by the larval insect, as if 
it were an integral part of its body. 

The situation becomes somewhat less clear, perhaps, when we 
consider the calcareous tube of a marine annelid. Here is something 
which is definitely secreted by the epidermal cells of the organism, 
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and which forms a sort of permanent integument. It does not, 
however, in this case, retain any organic connection with the body 
of the worm. But when we pass to the shell of a mollusk we find 
that there is such an organic connection with the body, so that the 
animal cannot be dislodged without extensive injury to its living 
tissues. Moreover, the purely mineral ingredients of the shell are 
sandwiched in between layers of a substance which we commonly 
speak of as ‘‘organic,’’ though not in this case as living. Does 
such a shell belong to the organism or to its environment? 

If there be any doubt in the case of the mollusk, let us consider 
the bony carapace of the tortoise. This, likewise, is composed in 
part of mineral salts, in part of equally lifeless ‘‘organic’’ mate- 
rials, produced through the metabolism of living matter. But in 
addition to these lifeless elements, we here encounter a multitude 
of living cells contained in minute spaces scattered throughout the 
bony substance; and even blood-vessels and nerves, which provide 
for the nutrition and growth of these cells. All persons would 
probably agree that such an exoskeleton belongs to the creature’s 
body. 

Let us pass next to a consideration of the internal fluids which 
are concerned with distributing food and oxygen to the living 
tissues and with carrying away their waste products. Perhaps a 
reversal of the order previously followed would here be instructive. 
In the case of vertebrates, the blood is itself commonly classed 
among the tissues of the body. Cells of several kinds are present, 
along with a fluid, intercellular matrix consisting, in large part, 
of proteid substances, approaching in complexity those which com- 
pose the ‘‘protoplasm’’ of the living cells. 

Among the mammals, the blood maintains a high degree of con- 
stancy in its composition, regardless of changes in the external 
medium. A seal or a porpoise may pass from fresh to salt water, 
or vice-versa, without undergoing any change in the concentration 
of the blood. This is not true, however, of the fishes. Those which 
are capable of living equally well in fresh and salt water show a 
higher salt content in the latter than in the former. 

Now among fishes—or at least the bony fishes—this concen- 
tration of salts in the blood is not proportional to that of the water 
in which they happen to be. But the case is quite different with 
many marine invertebrates. As a result of osmosis and diffusion 
both the concentration and composition of the salts in the body 
fluids of such animals is rapidly brought into conformity with that 
of the water in which they are placed. 

In the coelenterates, it is well known that the gastrovascular 
eavities and their contained fluids are in direct connection with the 
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surrounding ocean, while in the sponges the only circulating me- 
dium is the sea-water itself, which is propelled through multitudi- 
nous canals by the motion of the flagella. Once more, is it not 
obvious that the distinction between organism and environment is 
a conventional and arbitrary one? 

This line of argument would be quite incomplete without refer- 
ence to the transformations which constitute that most character- 
istic process of living matter, metabolism. Unfortunately, my 
limited knowledge of biochemistry would not make it possible for 
me to discuss the subject adequately even if my allotment of time 
permitted. But even such slight knowledge as I do possess enables 
me to assert with confidence that there is no definite point in the 
process at which we can say for the first time: This is no longer 
food; it has become living matter. Nor, on the descending phase 
of the metabolic cycle, is it possible to distinguish the moment at 
which the living passes over into the non-living. But food and 
waste matters belong to environment. They ean hardly be re- 
garded as parts of the organism. 

In short, the organism and the environment interpenetrate one 
another through and through. The distinction between them— 
let me repeat—is only a matter of practical convenience. Should 
not such considerations affect our attitude toward the propriety 
of neglecting the environment as an object of biological research ? 
I make no pretense, of course, that such neglect is universal. An 
active and important group of present-day biologists is giving its 
chief attention to the organism-environment complex. My criti- 
cisms—so far as I have made any—relate to general tendencies and 
average conditions, and these have not, I believe, been unfairly 
portrayed. 
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A‘ interesting phenomenon of the last few years has been 
the unanimity with which millions of men and women have 
conformed in their thinking and in their actions to what certain 
leaders wanted. Vast sums of money have been raised for liberty 
and victory loans, for the Red Cross and for many other agencies. 
Citizens of the United States consented to universal conscription, 
eut down their daily use of sugar, closed down their factories on 
certain days, and went without gasoline for their autos voluntarily 
and enthusiastically. To an extraordinary degree men and women 
in nearly all the countries of the world have cooperated in ecarry- 
ing out programs necessitating radical changes in their every-day 
life; and they have done so not because they were ordered to do 
so, and so were forced to it, but because they freely responded to 
suggestions presented in skillfully conducted propaganda. 

Because of the surprising success of all this propaganda, the 
innumerable times it has been employed and the ease with which 
it has been carried out, people generally have become conscious 
of propaganda as a great tool or method for influencing others. 
Propaganda has, of course, existed for ages. But it has not been 
comprehended so clearly by the mass of people as it is to-day. And 
certainly it has never before been employed on such great numbers 
of men and women. To-day it is a clearly recognized method of 
social control. 

If propaganda were a means of influencing others along lines 
only of benefit to society, it could be hailed with great acclaim. 
But unfortunately it can also be employed for dishonest and so- 
cially vicious programs, just as well as for honest and worth- 
while movements. At the present time the advertising of patent 
medicines that can not possibly cure, and of stock in companies 
formed for no other purpose than to defraud the public, appears 

1 Retiring vice-presidential address before Section I, Psychology, Amer- 


ican Association for the Advancement of Science, at Toronto, December 30, 
1921. 
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in altogether too many of our publications. Federal authorities 
estimated that in five years, 1910-15, the 2,861 swindlers that were 
arrested had defrauded the public of $351,000,000, averaging a 
dishonest gain of $123,000. All authorities are agreed that such 
swindling increased very greatly during the war, and possibly 
reached its climax some time after the armistice. If so, it is now 
on the decline. Let us hope so! 

The drive, a new form of propaganda, has now become a regu- 
lar business. According to James H. Collins, somewhere between 
a billion and a billion-and-a-half dollars have been raised in one 
year for various causes other than governmental. Many of these 
have been worthwhile, but unfortunately many have been the re- 
verse. A bureau that makes a business of investigating national 
and interstate money-raising activities, reported that by April, 
1920, the number of drives had risen to 1,021, of which the bureau 
approved only 124. The district attorney of New York County 
investigated 534 money-raising activities in 1918 and put 384 of 
them out of business. One gang of ex-convicts had obtained 
$500,000 in eight months. 

But we are less concerned here with swindling propaganda 
than with those forms not so palpably dishonest. It is important 
that our citizens be protected from pecuniary loss, but it is far 
more important that the United States, for example, deals with 
Russia. Mexico and the Irish question in the right way. And it is 
just such problems that furnish us with propaganda very difficult 
to handle. 

As a ease in point, consider the Russian situation. Those op- 
posed to the Bolsheviki have attempted to destroy the movement 
by linking it up in our minds with the fact that the Bolsheviki 
were under German influence, that they were anarchists, that 
they were guilty of murder and atrocities, that they persecuted 
the Church, that they had nationalized women and were deliber- 
ately corrupting the morals of children, and now, recently, that 
their government is so unstable that we can not do business with 
them. The friends of this political and social revolution have told 
us entirely different stories. And so-called unbiased persons have 
often made statements which do not agree with what any one else 
has set forth. 

Consequently to-day the average citizen confesses he really 
does not know what the facts are in this and many other important 
issues. He has been deluged with facts, near-facts and falsifica- 
tions put forth by interested parties, so that he has a mass of 
undigested and conflicting ideas on these subjects, or else has be- 
come frankly partisan to one view. 
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President Butler, of Columbia University, recently called at- 
tention to the dangers to society of this sort of thing. ‘‘Liberty,’’ 
he said, ‘‘which once was endangered by monarchs and by ruling 
classes, has long since ceased to fear either of these; it is now 
chiefly endangered by tyrannous and fanatical minorities which 
seize control for a longer or shorter time of the agencies and in- 
struments of government through ability and skill in playing upon 
the fears, the credulity and the selfishness of men.’’ 

The question naturally arises, is there no way of controlling 
propaganda? Certainly there are ways and they are enforced 
more or less in the case of certain types of propaganda. But there 
are other types which are not so easily evaluated and consequently 
not so easily handled. 

A perusal of literature on this subject gives one the impres 
sion that very few to-day are sincerely interested in the matter, 
except those apparently who desire to control or eliminate propa- 
ganda directed at their own. It is still viewed as highly ethical 
for us to sort and reject and trim in the name of our own view of 
truth, justice, democracy and loyalty to our group. But it is 
anti-social for the other fellow to do so. If we are Republicans 
we want the editor of our newspaper to give us good Republican 
views and to damn the Democrats. If we are Democrats, we want 
the reverse. We really want ‘‘facts’’ that support our views. It 
is too uncomfortable to be confronted with many counter ‘‘facts.’’ 

Naturally as a psychologist, I view this matter as an interesting 
psychological problem. It is my purpose in this place to discuss 
certain psychological aspects of the subject and to point out some 
of the ways in which propaganda may be controlled. It is also 
my purpose to call attention to certain types of propaganda which 
at present I see no way of controlling, in the hope that others may 
become interested in the subject and labor to work out some ade- 
quate methods. 

First of all let us clarify the use of certain terms which are 
employed in discussing the subject and at the same time come to 
an understanding of the psychological elements which are involved. 

The word ‘‘propaganda’’ means essentially the spread of a 
particular doctrine or a system of principles, especially when there 
is an organization or general plan back of the movement. Propa- 
ganda differs from ‘‘education’’ with which it is purposely con- 
fused, in that in the case of the former the aim is to spread one 
doctrine, whereas in the case of the latter the aim is to extend a, 
knowledge of the facts as far as known. Advertising men have 
never been able to agree on a definition of ‘‘advertising’’ and I 
should not want to attempt here what they have failed to do. But 
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I think we can distinguish between advertising and propaganda 
by saying that advertising is usually concerned with making 
known and desirable a definite commodity or service with the defi- 
nite aim of leading many individuals, as such, to acquire the com- 
modity or service. Propaganda includes many types of advertis- 
ing, but it is mainly concerned with the subtle presentation to the 
public of information so chosen and so focussed that among many 
individuals there develops a general ‘‘point of view’’ which is 
favorable to the aim of the propagandist and leads to action in 
that general direction. A further distinction between these two 
methods of influencing people pertains to the methods employed 
rather than the object. The advertiser buys space upon which 
appears his message, and the reader knows it a paid advertise- 
ment. The propagandist may advertise, but he especially aims to 
employ space he did not buy, at least directly, and not to permit 
the reader to know that the material is propaganda. He believes 
his material will have greater effect when its source is unknown. 

It is clear that both advertising and propaganda make use of 
argument and suggestion. And much has been written and said 
as to these two methods of influencing others. We have no quarrel 
in this paper with argumentative or ‘‘reason-why’’ appeals to 
the public. But we are very much concerned with appeals in- 
volving suggestion. 

The term ‘‘suggestion’’ has been employed in a great variety 
of ways, sometimes in a narrow sense, but usually in a rather broad 
and indefinite way. Frequently it is used to cover all the means 
of imparting information and exerting influence other than 
through reasoning. Without going into the subject here, let us 
recognize three phases of non-rational influencing of others. In 
the simplest form one or more ideas are presented which are 
known to be associated in the minds of the audience with another 
idea not mentioned. The audience thinks the non-mentioned idea 
because of their established habits of thought. In this way a 
speaker may denounce most viciously and unfairly a prominent 
man without giving his name, by skillfully referring to one 
or more of his known characteristics. The desired effect is ac- 
eomplished and without making it possible for the prominent man 
to reply. Then there is the more complicated phase of suggestion 
where an action is brought into the mind of the audience—the 
action being a familiar one and also one that will be desired as 
soon as mentioned. Thus a school boy at recess says, ‘‘Let’s get a 
drink.’’ The other boys might not have gotten a drink if they 
had not been reminded of the action. But as soon as it is called 
to mind, they feel the desire and so go. So also a nation like Ger- 
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many, all primed for war, as in 1914—I don’t refer here to her 
military preparations, but to the state of mind of her citizens 
was ready to act immediately when her leaders said ‘‘ Let’s fight.”’ 
It was the absence of just such a mental state in the United States 
that kept us out of war. Later on the attitude was developed 
almost over-developed before it had a chance to function—and we 
were eager to act when the word was given. 

In both these phases of suggestion the effect is produced be- 
cause there exists within the mind of the person being influenced 
certain habits of thinking and action and when the proper stimulus 
or cue is given the associated thinking and acting immediately fol- 
low. There is still a third phase of suggestion, which I prefer to 
call motivation, in which a person is led to do something which is 
unfamiliar or which he would not do if it were merely mentioned. 
It is beeause of this third method of influencing others that the 
control of propaganda is so difficult. Let us see what this process 
of motivation is. 

Consider an example: An electric light and power company 
launched a newspaper campaign some time ago in order to sell 
vacuum cleaners. The appeals were made to women to buy the 
cleaners in order to save labor and to make their homes cleaner 
and healthier. Many cleaners were sold. But the stock on hand 
was far from exhausted. Some time later the company launched 
another campaign, in which they directed their appeals to hus- 
bands, not wives. In these advertisements they depicted, for ex- 
ample, a successful business man in his office surrounded with 
filing eases, typewriters, dictaphones, and the like, and in another 
cut, showed the wife at home with a dust-cap on her head, sweeping 
the dining room, with the dust flying all about. The caption under- 
neath read something like this: ‘‘Why not equip your wife’s office 
like your own?’’ This second campaign sold more vacuum clean- 
ers than the first one. Why? Because the man’s love for his wife 
was aroused and this strong force was coupled to the idea of 
vacuum cleaners. Buying a vacuum cleaner then became a most 
satisfactory manner of expressing love. In advertising to the 
wives, on the other hand, no such fundamental motive was aroused. 
The vacuum cleaner would save labor, it is true, but it would not 
give to the wife as much satisfaction for the money as a new rug 
to be seen by every one coming into the home, or as new clothes 
for the children. 

In this ease we have men led into doing something they had 
no intention of doing, of buying something that little concerned 
them, and that they probably knew very little about. They were 
so led beeause love for their wives was aroused and they were 
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shown how this love could be very adequately expressed. With 
minor changes, the advertisement could have sold them an electric 
washing machine, or any useful household deviee. They were not 
sold, then vacuum cleaners so much as they were the satisfaction 
of pleasing their wives. 

Motivation involves two elements—first, the arousal of a strong 
desire, and, second, the presentation of a certain action which ap- 
pears to be a satisfactory way of expressing the aroused desire. 
Moreover the action in such eases is not one that the individual 
would perform if it were merely suggested. 

The question has often been discussed: Could the United 
States have declared war in 1914? I think there is no doubt that 
there was insufficient war sentiment at that time to have permitted 
mere suggestions from the President to be effeetive. But I think 
there is also equally no doubt that proper propaganda would have 
motivated the country into war. The years 1914 to 1917 may be 
looked upon as a period in which such sentiment developed and 
was finally put into action in a calmer and far less emotional man 
ner than usually prevails at such a time. 

Recent work in psychology has emphasized the distinction be 
‘idea’’ and a ‘‘sentiment.’’ The sentiment, according 


tween an 
to Rivers, is an idea emotionally toned. ‘‘House’’ is thus an idea, 
whereas ‘‘home’’ is a sentiment, for home always ineludes an emo- 
tional consciousness of mother and father, brothers and sisters, old 
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familiar associations and the like. When the sentiment becomes 
suppressed and lost to consciousness it is called a ‘‘complex.’’ 
Sentiments and complexes, we are coming to see more and more 
are extremely important in explaining behavior; much of abnormal 
conduct being traceable to the existence of complexes. 

Motivation is thus the process of deliberately developing a sen- 
timent, of deliberately associating an idea with an emotion, of tying 
together in the mind of another the love for wife and the idea of 
buying a vacuum cleaner, or of sympathy for the Belgians and 
hatred of the Germans, and the idea of war. 

The aim of propaganda is to develop sentiment and then pre- 
cipitate action through mere suggestion. Let us consider some 
implications which are involved in all this. 

First of all let us note that theoretically any emotional element 
can be associated with any specific line of action. Practically, cer 
tain combinations are difficult to accomplish, but theoretically 
they are possible. Thus, the correspondence schoo] arouses the 
boy’s love for his mother and challenges him to make her proud 
of him and ‘‘funnels’’ the aroused emotional desire into taking a 
correspondence course. The same appeal could be utilized to get 
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young men to go to church, to quit gambling, to work harder for 
their employer, to enlist when war is declared, to do anything the 
boy could be made to believe his mother would approve of. 

In the last political campaign for President of the United 
States, the maternal instinct was appealed to by both sides. A 
Democratic editorial appealed as follows: 

‘*Mother of America! Mother of Pennsylvania! Mother of 
Pittsburgh! Do you want your boy to go to war? Is the roll of 
battle drums sweeter in your ears than the song of his voice in the 
home? Would you rather have his hands in fierce grip on gun 
in battle’s rack than have his arms in love about your neck? That 
is the question you must answer to your God and your fellow-man 
when you go into the voting booth on November 2. Do not let 
demagogs confuse you. The issue is plain: A vote for the league 
is a vote for peace ; a vote against the league is a vote for war. . . . 
Mother of an American boy! The munition makers of the world 
are arrayed against American participation in the League of Na- 
tions. They are snatching at your vote, because with it they may 
claim the body of your first-born. Mother of a Pittsburgh boy! 
The question comes home to you! Your boy was not born to be 
food for guns.’’ 

A Republican advertisement stated in part: 

‘*‘Women! For your own good vote the Republican ticket. . . . 
The American woman asks of her country: That it be a secure 
place for her home and for her children and that it be security 
with honor. That it give her children opportunity to lead their 
lives even better than she and her husband led theirs. That it be 
just in its relations with other nations, and merit the pride which 
the best of its eitizens have in it, in its history and its ideals. 
A policy which has these purposes will have the support of Ameri- 
can womanhood and American motherhood. That is the Repub- 
lican policy and has been Republican policy from the days of 
Abraham Lincoln. The Republican policy is to protect the se- 
curity of the United States by preserving its right to make de- 
cisions regarding its actions in the future as events in the future 
demand. The Republican party is unwilling to pledge now that 
it will protect European boundary lines and to deprive Congress 
of the power to say in each case what the action of the United 
States will be... .’’ 

Here we have the same instinctive emotional element aroused 
and then associated with two diametrically opposite lines of action. 
Both of these articles are intended to arouse a mother’s love for her 
boy and consequent horror of war, and then show that her desire 
could be best obtained by voting the Democratic ticket in one case 
and the Republican ticket in the other. 
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A second fact can be considered regarding motivation. It is 
that no logical connection needs to exist between the emotion 
which is aroused and the program which is outlined. And further 
still, there need be no logical establishment of the fact that the 
program is really the best one to be pursued or even that it is 
honestly conceived. 

Consider the propaganda for the Red Cross, an organization 
for which we are all enthusiastic. The Red Cross has rendered 
inestimable service. And because its work has touched our hearts 
a real sentiment has been built up about its name. So strong is 
this sentiment that one now finds himself unable to resist the 
request for annual dues. But my friends—I have asked several— 
and I do not know whether all the money that is now raised is 
really needed, nor how it is spent, nor whether the organization is 
efficiently administered or not. I am not saying this in the way 
of criticism: I am only pointing out that when one’s emotions 
have been properly aroused one acts as directed and without in- 
tellectually considering the matter. 

Take the recent ‘‘Clean-up and paint-up’’ campaign as another 
illustration of what most would call a worthy propaganda. A 
trade journal, The American Paint and Oil Dealer, started it off 
with an editorial in May, 1912, in which it was pointed out that 
for many years there had been special campaigns inciting people to 
clean-up their towns and their neighborhoods for some specific 
gala occasion. It was now time ‘‘to back the idea that you clean 
up and paint up and keep cleaned and painted up, not just once 
a year, but the whole year through.’’ ‘‘The idea was to incul- 
cate into the minds of people pride in home and city, and in thrift 
and cleanliness, and to appeal to that pride to the end that it 
might be organized and wisely directed for the benefit not only 
of the paint industry, but of the whole United States of America. 
Enlisted in this campaign were various types of people. Material 
was prepared that appealed to every one of these types in a most 
specific manner.’’ 

R. F. Soule writing in Associated Advertising tells us how 
Chambers of Commerce were the principal bodies that helped put 
the campaign over. He describes how fire departments were 
aroused to the need to prevent fires as well as to put them out; 
how police departments became much more interested in enforcing 
sanitary ordinances along with the street-cleaning departments; 
how women’s clubs helped the good work along; ete. In 1920 
there were 7,000 towns and cities engaged in this campaign. And 
illustrative of the work accomplished it is reported that in Cinein- 
nati 384 buildings were torn down that were a fire menace and 
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the city so cleaned up as to lessen the annual premiums for fire 
protection by $850,000. 

According to Soule not over $25,000 was spent in any one year 
by the organization back of this campaign, although a great deal 
of publicity was given in newspaper editorials and in the adver- 
tising of many companies in connection with their own products. 

Now note: This campaign is characterized as having been 
unselfish. The big idea was not to sell merchandise, it is claimed. 
but ‘‘to sell the people of this country citizenship, pride of home 
and ownership, and a desire to be of greater service to the com- 
munity of which they were a part.’’ 

These were the motives, desires or wants that were aroused and 
then hundreds of business men saw to it that they were expressed 
by way of buying their goods, whether it was paint, oil, lawn 
mowers, flower seeds, or even safety razors. Clearly any emotional 
desire can be coupled up with any line of action and there needs 
to be no real logical connection between them. 

Propaganda depends upon this psychological process of mo- 
tivation for its suecess. And motivation, as we have seen, is the 
deliberate process of arousing one’s emotions and desires and then 
suggesting a line of action by which these desires may be expressed. 
And we have seen further that any emotional element can be asso 
ciated with any specific action; and that when one is well mo- 
tivated he ignores intellectual considerations touching upon the 
honesty of the statements or the efficacy of the program. 

So much for our analysis of motivation—the principal psycho- 
logical process in propaganda. Now let us consider how propua- 
ganda may be controlled by society so that dishonest and pernicious 
campaigns may be prevented without interference to worth while 
propaganda. 

The most convenient method of considering the many angles of 
the subject will be through discussing propaganda in terms of the 
following three aspects: First, propaganda considered with regard 
to the truth or falsity of the statements in which it is presented ; 
second, with regard to the action suggested as the means of satis- 
fying the aroused desire; and third, with regard to the emotional 
element, the desire that is aroused. The matter of control can ac- 
cordingly be discussed in terms of these three question: First, 
how far can propaganda be controlled in terms of the validity of 
the statements which are made? Second, to what extent can propa- 
ganda be controlled in terms of the action which is proposed? And 
third, to what extent can propaganda be controlled in terms of the 
emotional elements that are involved? 

First of all, then, how far can propaganda be controlled in 
terms of the validity of the statements which are made? 
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Society has long dealt with false statements and already has 
postal regulations, laws against slander, libel and the like. To 
protect politicians the English law provides a fine not to exceed 
£100 if the name and address of the printer and publisher is omit- 
ted from a poster relating to the candidature of any person for 
Parliament and other offices. The Association of Advertising Clubs 
of the World carries on a steady campaign against dishonest adver- 
tising and has accomplished a great deal of good against this type 
of propaganda. At this time, thirty-six states have passed the 
Printers’ Ink Statute or a modification of it, thereby facilitating 
convictions in such cases. And the Association of Advertising 
Clubs of the World is spending money and effort in enforcing it. 
Control of propaganda publicly making dishonest statements can 
clearly be taken care of. 

But unfortunately many undesirable propaganda will not fall 
under the class of propaganda publicly making dishonest state- 
ments. One very undesirable sort is spread by word of mouth. No 
one knows from whence it comes, and exactly what is back of it. 
We had many stories thus circulated against the Germans during 
the war, and we have the same sort of thing carried on against 
prominent men almost all the time. Stories of Roosevelt’s exces- 
sive drinking were thus cireulated. And it was not until they 
were publicly expressed that he had an opportunity of disposing 
of them through law suit. Such word of mouth propaganda is 
fostered in times of emotional stress and particularly wherever 
people believe they are not being told all the facts. The best pos- 
sible cure for it is publicity of the sort that makes people believe 
they are getting all sides to the question. 

But in addition to this sneaking underhand propaganda there 
are all sorts of campaigns which are very undesirable, but which 
adhere technically to the truth. They cannot accordingly be pros- 
ecuted for dishonesty. Some of them, however, give false im- 
pressions just the same. This is so because the human brain does 
not necessarily think in a logical manner. For example, the state- 
ment, ‘‘No watchman here between 6 P. M. and 6 A. M.’’ means 
just that and no more, but actually the effect is as though the 
statement had gone on to say that a watchman was on duty in the 
day time. For a distributor of a food product to advertise that his 
goods contain no arsenic is to give the impression that the goods 
of at least one of his competitors do contain that poison. And the 
lurid page description of two successful gushers between which 
the advertising company’s property is located gives the impres- 
sion one is surely buying stock in a gusher-to-be, even though the 
company’s property may be several miles from either of the de- 
seribed oil wells. 
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Then there are other kinds of propaganda which deal with this 
subject in such a general way that no one can challenge their state- 
ment. One of the packing companies ran an advertisement some time 
ago which came no nearer to stating facts than this: ‘‘ Possibly, we 
are partially to blame for the lack of understanding which exists 
in regard to our business. In the past, knowing that attacks upon 
us have been based on tissues of half-truths, adroitly handled in- 
uendo and misinformation, we may have forgotten that the public 
were not in full possession of the facts.’’ The statement is a 
very clever one, undermining criticism without giving a single fact 
in reply except the company’s own belief that all attacks have been 
based on half-truths. 

To require that propaganda contain truths and not falsehoods 
is a desirable regulation, but it will not stop undesirable cam- 
paigns. 

Let us consider second to what extent propaganda can be con- 
trolled in terms of the action which is proposed. i 

If the proposed action is that of buying, it is not difficult to 
evaluate the propaganda, or advertising as it would usually be 
in this case, upon the grounds that the individual did or did not 
get value received. But if the proposed action is that of giving 
money for some cause or charity, justification upon such grounds 
is far more difficult. If a woman, very fond of cats, wants to 
endow a hospital for them, run by thoroughly incompetent people 
whom she likes, isn’t that sufficient to justify her action and the 
propaganda, as far as she is concerned? It is hard to attack such 
action in terms of the rights of individuals, but it is being more 
and more attacked upon the grounds of social welfare. Business 
men through their Chambers of Commerce in sheer defense are 
increasingly investigating such propositions and in many places 
list the charities that they will countenance. Out of the war has 
come the Community Chest movement whereby all social agencies 
in a district make up their budgets in advance and after they have 
been gone over by both disinterested and interested parties, a sin- 
gle united effort is made to raise the total amount in one campaign 
for the year. Such plans help the worthy cause and interfere with 
the unworthy.bne. But they do not eliminate the unworthy cam- 
paigns. 

The establishment of bureaus, whose business it is to investi- 
gate all organizations asking for funds—organizations like the Na- 
tional Information Bureau—renders it easier to determine whether 
any organization is desirable or not. Can society go farther here? 
Can society not only positively help the worthy cause, but put the 
unworthy, inefficient or unnecessarily duplicating agency out of 
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business? There is no question but that many individuals are 
being fooled every year and much money squandered through such 
non-worthwhile causes. But at the same time, we must remember 
that most new uplift movements have encountered great opposi- 
tion at the start, and to increase this opposition still more through 
the establishment of legal regulations may do society in the long 
run more harm than good. 

In addition to campaigns to sell a commodity or service or to 
obtain gifts, there are other campaigns devoted to accomplishing 
specific actions of a sort much more difficult to estimate fairly. Po 
litical campaigns aim to secure votes for certain men; propaganda 
appears from time to time to influence citizens to vote for or 
against certain measures; propaganda appeared in many forms a 
short time ago, appealing to citizens of the United States to inter- 
vene in Mexico; lobbies are familiar accompaniments to our legis- 
latures, each one aiming to accomplish a specific program; unions 
appeal to public opinion to aid them in winning a strike and com- 
panies appeal to the same public to help them prevent or break 
the strike, etc. We are so accustomed to our political machinery 
that we do not often stop and ask ourselves whether it is geared 
up so as to serve society in the best way. Only when some enthu- 
siastic social uplifter boasts that she and four others alone put a 
measure through a state legislature by the use of skillful. lobbying, 
or a secretary of a business man’s organization calmly announces 
months in advance that Congress will do away with a bureau be- 
cause his organization is demanding such action, and his prophecy 
comes true, does one wonder whether some sort of control of propa- 
ganda would not be worthwhile even here. And one waxes quite 
indignant, as did a former Secretary of War, when he comes to 
realize that much of the propaganda for bringing back the bodies 
of our dead soldiers was instigated by the journal of the under- 
takers and casket makers. 

To control such propaganda we must have facts and we must 
have a body to review the facts. This we do not have in many 
eases. A political campaign on a clean-cut issue is supposed to be 
a trial as to the merits of the two sides before all the citizens who 
through their votes decide the issue. This is the theory of demoe- 
racy. It works pretty well in many cases, surprisingly well in 
some. But in most campaigns the issue is not clean-cut and in 
nearly all campaigns the political strategist endeavors to confuse 
the issue, so that many a time a citizen votes against what he really 
wants. And then there are many measures coming up in our fear 
fully complex life of to-day upon which the average man is not at 
all competent to pass judgment. Except in a few instances, so- 
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ciety has not yet organized itself so as properly to handle such 
matters. In the case of struggles between capital and labor, we 
are steadily advancing toward the insistence upon both sides that 
they shall present the facts as they see them and also toward the 
establishment of tribunals which shall weigh all the facts and de- 
cide the issue. The impartial chairmanship program maintained 
by the clothing industry in Chicago and other cities has worked 
very satisfactorily and seems to be the ideal machinery for con- 
trolling propaganda in that field. Its greatest merit lies, it seems 
to me, in the fact that complaints are studied and evaluated very 
shortly after they arise, thus eliminating the getting under head- 
way of extensive propaganda with all the arousal of emotions that 
propaganda assures. 

But there are many issues to-day, strongly supported by a 
minority, regarding which it is difficult to obtain facts. And as 
long as one side is insistent and the other side largely indifferent, 
society cannot expect that the minority will present facts regard- 
ing their claims. For it is not facts that will sell the program, 
but emotion and the emotion which is aroused needs not be logically 
connected with the issue. So a few harrowing tales of deserted 
mothers and their poverty stricken children bring us a mother’s 
pension program because a few people believe this is the best solu- 
tion. Possibly it is. I am not here arguing the case. But how 
much real thinking has entered into the matter by disinterested 
parties before a legislature has voted! 

We have briefly considered the possibilities of controlling 
propaganda in terms of the action which is proposed—when the 
action is that of buying, giving money, or gaining support for 
definite political or other issues. But there is an entirely different 
type of response which some propaganda aims to accomplish. It is 
that where no definite act is suggested, at least directly, but where 
public opinion is to be changed. Pro-German propaganda before 
and during the war, or pro-Irish propaganda to-day, or the New 
Era Movement of the Presbyterian Church, or the International 
Typographical Union advertising in the newspapers do not aim at 
getting any one to do a specific act. What is aimed at is the de- 
velopment of a broad sentiment with the perfectly clear under- 
standing that when this sentiment is established the individual 
will do something to forward the cause. To evaluate the propa- 
ganda in such cases, the entire program must be considered. And 
as individual members of a big movement emphasize different as- 
pects it is very difficult to determine just what the movement stands 
for. For example, legal action was instigated some time ago 
against a union because in its constitution, if I remember correct- 
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ly, it stood for a soviet type of government. But no progress 
could be made because no specific action had been taken by the 
union, openly against the laws of the United States. Now possibly 
the constitution as far as this point was concerned was and had 
always been a dead letter. But possibly the point was the very 
heart and center of the union’s life. Still, how can its propaganda 
be limited until it has resulted in definite action? But if it eannot 
be controlled until anti-legal action commences, then there can be 
no control of such situations until most of the harm (or good) has 
been accomplished. For if the propaganda has accomplished the 
establishment of a certain sentiment without interference and then 
specific action has been suddenly advocated, no legal machinery in 
existence can stop the action. The existence of a sentiment in 
Great Britain, that treaties to which they were a party must be 
observed, was one of the factors that forced that nation into war 
with Germany when the latter violated the neutrality of Belgium. 
As Sir Edward Gray said, ‘‘My God, what else could we do!’’ 

There is another very vexatious phase of this point. When 
a sentiment has been established the individual may do almost any- 
thing which he feels will advance the cause in which he is inter 
ested. Can a propagandist be held responsible for the actions of 
his followers because he stirred them up originally. A newspaper 
publisher’s propaganda against McKinley may have caused that 
president’s assassination, as some have felt. But is the publisher 
responsible for an act he did not specifically advocate, even 
though, for the sake of argument here let us say, he did stir the 
assassin emotionally and against the President? The newspapers 
report the non-cooperation propaganda of Mahatma Gandhi of 
India and how this leader is fasting one day a week in protest 
against the rioting which his followers are indulging in. To main- 
tain that the publicist is responsible for what his followers do 
seems very unfair: to hold that he is entirely unaccountable opens 
the way for most subtle and dangerous attacks on society. 

This leads us squarely up to the issue: shall propaganda be 
evaluated only on the basis of the actions that result or on the 
basis of the motives back of the propaganda? 

Our law basically concerns itself with man’s behavior and takes 
little account of motives. But a distinction is made between wilful 
murder and unintentional manslaughter. And a man ean be con- 
victed of murder if a person’s death results within a year from 
his shooting at a chicken with intent to steal it. The intention to 
steal makes the accidental death murder. Here man is held re- 
sponsible for the final results of his criminal intention in just 
about as far reaching a manner as if he had inflamed another who 
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then went out and murdered a complete stranger. Responsibility 
for the actions of another under certain circumstances, has been 
established. The Court of Appeals of New York State has recently 
awarded damages to an employee who when reprimanded by his 
foreman for negligence called the foreman a liar, and was struck 
and knocked down by the foreman. His glasses were shattered 
and vision in one eye destroyed. It was held that the employer 
should be held responsible for an excitable and violent foreman 
in the prosecution of his duties as such, at least until there is suf- 
ficient interruption in the performance of such duties as to justify 
the conelusion that the foreman had abandoned his employment 
and that the assault was an independent and individual act, as 
distinguished from acts within the terms of his employment. 

In connection with the Espionage Act the Attorney General's 
Department opposed the proviso that ‘‘anti-war utterances or 
propaganda would not be punishable if made with good motives 
and for justifiable ends’’ on the grounds that it would make it 
difficult to prosecute and convict. Regulation according to this 
view must be in terms of actions, and motives can not be consid- 
ered. Twenty-two states have adopted the Printers’ Ink Statute 
regulating dishonest advertising in which no reference to motive 
or intention is made. Sixteen other states have, however, inserted 
the word ‘‘knowingly’’ or its equivalent, thus making it necessary 
to prove that the dishonest advertising was intentional. Legal 
action in these sixteen states is based primarily then upon the 
motive, not the act. 

The 1918 Report of the Attorney General states the policy of 
that department regarding the enforcement of the Espionage Act. 
It is of significance here. One paragraph reads as follows: 

‘The Department throughout the war has proceeded upon the 
general principle that the constitutional rights of free speech, free 
assembly and petition exist in war time or in peace time, and that 
the right of discussion of governmental policy and the right of 
political agitation are most fundamental rights in a democracy. 
It has endeavored to adhere to the principle that neither the 
Government nor any group or class of citizens should be permitted 
to take advantage of the war situation to suppress discussion and 
agitation of domestic problems, whether political, social, economic, 
or moral. At the same time, however, it has held to the view that 
neither under the guise of political theory, social conviction, or 
religious creed should any man or group of men be permitted to 
indulge in propaganda which has the deliberate purpose of dis- 
integrating our strength in the war or which is of an essential 
nature necessarily producing that effect.’’ 
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In other words, the policy outlined here maintains that the 
welfare of the nation is paramount and that any propaganda 
which can be classified as injuring the national war program will 
be condemned regardless as to how this propaganda could be 
classified in terms of rights of free speech, free assembly and the 
like. And further that motive is of little consideration in com- 
parison with an overt act. 

So far we have considered the possibilities of controlling propa- 
ganda from the two aspects: first, as to whether the statements 
in it were true or false; and second, as to whether the proposed 
action was socially worth while or not. This discussion has seem- 
ingly emphasized the necessity of taking motives into account. 
Now let us consider the third aspect of the subject—the element of 
aroused desire, the emotional background and psychologically 
true cause of the action. 

We have seen that theoretically any emotion may be aroused 
as the basis for stirring one to act and that there needs be little 
or no rational connection between the two. The detailed suffer- 
ing of a little girl and her kitten can motivate our hatred against 
the Germans, arouse our sympathy for the Armenians, make us 
enthusiastic for the Red Cross, or lead us to give money for sup- 
port of a home for cats. The story may be true or concocted for 
the purpose; the inferences against the Germans or for the home 
for cats may be also true or false; the organization carrying on the 
propaganda may be efficiently administered or not—all these con- 
siderations little concern us. We feel the emotion, we want to do 
something because by acting we will feel better, and away we go 
regardless of mere intellectual considerations. 

Here is the real psychological problem concerning propa- 
ganda. Take away the emotional element and society need have 
no fear of propaganda. For man is always very slow to act in 
terms of ideas alone. Witness his indifference when he really 
knows the political organization in control of his municipality is 
flagrantly dishonest. He does nothing until his emotions are 
aroused by a whirlwind speaker, or by personal injury. So long 
as a radical writes or speaks in a philosophical manner society 
ean rightly be indifferent. But when he discards the intellectual 
aspects of his views, seizes upon some slogan and fills his writings 
or speeches with concrete tales of human suffering and the arro- 
gance of the rich, society rightly becomes alarmed. For now the 
radical is setting fire to dynamite and neither he nor any one else 
ean tell what may result. 

At the present time the prospects do not appear over bright 
of controlling propaganda through regulation. There is, however, 
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a method of weakening its influence, and that is by fighting one 
propaganda by another, or by general publicity. The trouble, 
however, with fighting bad propaganda by good propaganda, aside 
from the very practical consideration that the former is usually 
better equipped financially, is that seldom is the publie supplied 
with facts upon which a real conclusion can be thought out. In- 
stead it is inflamed to take sides and a deadlock results, or the 
matter is settled by some sort of resort to foree. Just in this way 
arose the turmoil about the League of Nations program. Instead 
of thinking it through and arriving rationally at a real conclusion, 
Wilsonites and anti-Wilsonites became emotionally aroused and 
it was voted down because the latter group had the greater force 
measured in votes. Both sides know the real issue is not dead, 
and the Republicans who defeated Wilson’s program are now 
attempting at Washington to find the conclusions we should have 
reached months ago. Fighting propaganda with propaganda is 
not likely, then, to give us satisfactory results. 

Can propaganda be controlled through publicity? Yes, if we 
had perfect publicity. But that, apparently, we cannot have. 
Hence, we can only hope to have partial control by this means. 

It has been suggested that propaganda could be controlled by 
national control of all publicity. Would such regulated and cen- 
sored publicity help here? 

The two extremes of publicity are no freedom of speech and 
complete freedom to say whatever one wants to. The Anglo-Saxons 
have decided that freedom is better than no freedom. The French 
lean quite strongly to centralized control of all publicity. Ob- 
servers both from within and without that country testify that 
such censorship deadens public interest in the news of the world. 
And it certainly makes possible all manner of mouth-to-mouth 
whisperings—the most insidious and undermining of all propa- 
ganda. An editorial in the New York Times only the other day 
called attention to the marked difference in behavior of radicals in 
this country and abroad concerning Sacco and Vanzitti, who have 
been condemned to the electric chair for murder. Abroad the Reds 
have inspired the rank and file of their group with rage over the 
so-called persecution by the American Government of those radi- 
cal leaders and several assassinations have been attempted as a 
result. In this country no such disturbance has resulted because, 
as the Times points out, everyone is familiar with all the facts 
of the case and so even the Reds can not be stirred up over the 
affair. 

Possibly publicity is the one best cure we have to-day for 
handling those forms of propaganda which are not readily con- 
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trolled by other means. But if this is the case it means that more 
of our newspapers and magazines will have to convince the public 
that what they print is not controlled by certain interests. At 
the present time I should judge that great numbers of citizens 
believe most newspapers, if not their own, distort the facts to fit 
their purposes. And again, if publicity is to cure the evils of 
propaganda, it means that society must work out some more satis- 
factory method than now exists of providing the groups of poor peo- 
ple with adequate publicity to offset the enormous advantage that 
groups composed of wealthy people have in commanding the 
printed page. Too few newspapers print to-day, and too few can 
ever afford to print, the detailed testimony in a labor controversy, 
yet unless the laboring man feels his side is presented, he will have 
supplied to him and will read wild denunciations of capital instead 
of the sworn testimony of his leaders as given before a board of 
arbitration. 

Another means of controlling propaganda lies in educating the 
public to an understanding of the methods employed in propa- 
ganda. It is thought that man likes to feel he is being appealed 
to on logical grounds: that he resents being ‘‘soft-soaped.’’ And 
that he does not want to be ‘‘worked,’’ or to have something ‘‘ put 
over on him.’’ Possibly, it is contended, articles such as have ap- 
peared recently in our magazines recounting the methods by which 
propagandists have fooled men and women may educate the pub- 
lie to see through a publicity campaign. Personally, I do not be- 
lieve that very much can be accomplished in this way, for, as Bar- 
num claimed, the public likes to be fooled; and secondly, clever 
appeals to the emotions will nearly always win when pitted against 
intellectually held convictions. 

In closing, I want to emphasize one point. It is possible to-day 
for a group to carry on a very subtle propaganda with the imme- 
diate aim of developing some sentiment. There is no machinery 
to stop them, whether the sentiment is socially good or bad. For 
sentiment is an emotional state of mind and as long as no action 
results, society to-day has no way to handle it. So France mourned 
at the Strasbourg statue in Paris each year and kept alive the 
sentiment to retake Alsace-Lorraine. Of course, we completely 
sympathize with her. But it made Germany prepare all the more 
for war. And the world sat back and looked on while Germany es- 
tablished the sentiment in the minds and hearts of her citizens 
that they lived only for the fatherland and that war was the truest 
expression of their country’s life. The Grand Army of the Re- 
public and the Confederate Veterans have perpetuated northern 
and southern antipathies and the American Legion must of neces- 
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sity keep us antagonistic toward Germany. For these organiza- 
tions are surcharged with emotion. General O’Ryan is quoted in 
the papers as follows: 

‘Ten years from now the battlefields of Europe will not look 
as they appear to-day. They will bear monuments of men on 
horseback and the young men will grow up thinking of war in 
terms of medals, glory and men on horseback rather than in terms 
used by the young men of to-day who were in the war. Delay in 
solving this problem will mean that those who profit by war will 
get control of the kids and that’s what they want. The young- 
sters will be hypnotized to believe anything in the name of patriot- 
ism and they will want to get medals and glory of their own.’’ 

If war is to be eliminated, it will be necessary to control the 
sentiments that are developed in each and every country. Simi- ’ 
larly if peace is to be attained between capital and labor, the right 
sentiment will have to be developed. Many an employer has been 
smarting under conditions now past when labor had the whip hand. 
He is now getting even, as he says. He is reacting to a sentiment 
of revenge and at the same time building up a similar one in the 
minds of his employees. This is the sure road to worse conditions. 

As far as I can see, society has reached the point in its develop- 
ment when it must take motives into account, because man has now 
learned how to arouse motives to action in an economical and 
wholesale way. And in regulating motives society must come to 
evaluate the sentiments that propaganda is aimed to create, and to 
regulate in some way the use of phrases arousing emotions, as dis- 
tinguished from phrases appealing to rational consideration. 
Without control in some way of the emotional element in propa- 
ganda, legal action will never stop the most dangerous of propa- 
ganda which arouses a sentiment first of all and then at the proper 
moment in one fell swoop precipitates that sentiment into action. 
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I 

AST October, in the library of the College of Physicians 
L in Philadelphia, | came upon a letter from Lord Lister to 
Dr. W. W. Keen. It was dated 4th April, 1898. It began as 
follows : 

12 Park Crescent, Portland Place, London W. 
4th April, 1898. 
My Dear Sir: 

I am grieved to learn that there should be even a remote chance of the 
legislature of any state in the Union passing a bill for regulating experiments 
on animals. 

It is only comparatively recently in the world’s history that the gross 
darkness of empiricism has given place to more and more scientific practice; 
and this result has been mainly due to experiment upon living animals. It 
was to these that Harvey was in a large measure indebted for the fundamental 
discovery of the circulation of the blood. And the great American triumph 
of general anesthesia was greatly promoted by them. Advancing knowledge 
has shown more and more that the bodies of the lower animals are essentially 
similar to our own in their intimate structure and function; so that lessons 
learned from them may be applied to human pathology and treatment. If we 
refuse to avail ourselves of this means of acquiring increased acquaintance 
with the working of that marvelously complex machine, the animal body, we 
must either be content to remain at an absolute standstill or return to the 
fearful haphazard ways of testing new remedies upon human patients in the 
first instance, which prevailed in the dark ages... . 

My own first investigations of any importance were a study of the process 
of inflammation in the transparent web of the frog’s foot. The experiments 
were very numerous and were performed at all hours of the day in my own 
house. I was then a young unknown practitioner; and if the present 
(English) law had been in existence, it might have been difficult for me to 
obtain the requisite licenses; and even if I had got them, it would have been 
impossible for me to have gone to a public laboratory to work. Yet without 
these early researches which the existing law would have prevented, I could 
not have found my way among the perplexing difficulties which beset me in 
developing the antiseptic system of treatment in surgery. 

In the course of my antiseptic work at a later period I frequently had 
recourse to experiments on animals. One of these occurs to me which yielded 
particularly valuable results, but which I certainly should not have done if 
the present law had been in force. It had reference to the behavior of a 
thread composed of animal tissue applied antiseptically for tying an arterial 
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trunk. I had prepared a ligature of such material at a house where I was 
spending a few days at a distance from home; and it occurred to me to test 
it upon the carotid artery of a calf. Acting on the spur of the moment, | 
procured the needful animal at a neighboring market; a lay friend gave 
chloroform and another assisted at the operation. Four weeks later the calf 
was killed and its neck was sent to me. On my dissecting it, the thread, 
instead of being thrown off by suppuration, had been replaced under the new 
septic conditions, by a firm ring of living fibrous tissue, the old dangers ot 
such an operation being completely obviated. 

At the very time that I was reading these words, twenty-two 
years after they had been written, The Country Gentleman for Oc- 
tober 16, 1920, was carrying broadeast over the United States an 
article entitled ‘‘ Vivisection’’ by an antivivisectionist, which after 
exhibiting the grossest ignorance of the purposes and practices of 
contemporary investigators who use animals in their experiments 
concludes as follows: 

Alienists—Doctor Bishop and various others of high standing—have 
taken a further step than the mere plea of needless cruelty in their arraign 
ment of vivisection. 

They claim that vivisectors are not actuated by any scientific zeal, but 
are mental degenerates. In other words, that vivisection is a recognized 
form of mental perversion—a savage mania which is known to the keepers 


in every mad house. It is of the same order as the spirit which incites mur 
derers of a certain type to rip their human victims’ bodies to pieces. |! ! 


The author is obviously irresponsible, and his work would be 


negligible were it not for the fact that it receives official endorse 
ment. On the editorial page, under the caption ‘‘ Vivisection,’’ 
cognizance is taken of the statement already quoted, in an editorial 
which is essentially a brief abstract of the article ending with these 
words: 


Other doctors, here and in Europe, go a step further, by declaring that 
cases of a recognized form of mental perversion are known among vivisectores. 
The publie should understand this vivisection argument from both sides. The 
accompanying article supplies such needful information in a way to prove 
antivivisection’s case. 

My attention had been attracted originally to this number of 
The Country Gentleman by editorials in two eastern newspapers 
that were disposed to be sharply critical of the appearance of this 
propaganda on the eve of the November election in California 
where an antivivisection measure was on the ballot. 

The motive prompting the appearance of the article at that 
time need not concern us. The charges implied in the editorials 
to which I refer have been officially denied, and I am glad to accept 
the denial. Indeed, it should be said that on February 12 The 
Country Gentleman printed a very able defense by Dr. W. W. 
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Keen of what he very properly calls experimental research. It 
even introduced with kind words the widely known and respected 
author. Its editorial columns are, however, silent. This silence 
after Dr. Keen’s admirable exposition of the facts contrasts signifi- 
cantly with the warm editorial endorsement of the October article, 
in which one looks in vain for the slightest first hand knowledge of 
contemporary experimentation. 

Yet The Country Gentleman is published in Philadelphia. The 


Saturday Evening Post, published by the same company, was 
founded by Benjamin Franklin, the same Benjamin Franklin who 


was one of the founders of the Philadelphia Hospital in which the 
students of the first school of medicine to be founded in the United 
States were taught by its first professor of clinical medicine. From 
that time Philadelphia has been a great seat of medical learning. 
Two of our best medical schools now flourish there. On the roster 
of the College of Physicians are many of the most illustrious names 
in the medical history of the last century and a half. Its wonder- 
ful library is said to be surpassed in this country only by that of 
the Surgeon General's Office in Washington. 


II 


There is no need to dwell further on this remarkable exhibition 
of opposition to a principle which has not only been repeatedly 
established in fact, but has recently been ratified by a decisive 
majority at the polls. California is free, for the present at least, 
to safeguard the health of its people by the necessary research. 

What part may experimental biology be expected to play in this 
connection ? 

An answer to this question will depend first upon what we may 
consider experimental biology to be. As I think of it, its limits 
are set by no group of organisms nor by any circumscribed body of 
facts. The field of experimental biology is the living world. Its 
materials are omnipresent there. Its problems are general, funda- 
mental problems of organisms, carried to the limits of human in- 
terest. Its method is analytical. Its object is the discovery of 
mechanisms, processes, dynamic relations. I like to think of it as 
an attitude of mind rather than a department of biological know)- 
edge. For there is no department of biological knowledge that may 
not reveal this interest in the fundamental problems, dynamic re- 
lations, and analytic methods which to my mind characterize ex 
perimental biology. 

What is the relation between experimental biology, thus con 
ceived, and the public health ? 

Health is a name we apply to a standard of mental and physieal 
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fitness that varies with our enlightenment and our individual 
necessities. This standard is maintained by both private and pub- 
lie agencies. Private agencies are concerned primarily with indi- 
vidual cases involving some form of treatment. This treatment 
may be: (1) applied by the individual himself when in control 
of the necessary means, as provided, for instance, by the rules of 
personal hygiene or athletic training; or (2) applied by an expert 
upon whose superior skill or insight he temporarily relies. 

These experts form a heterogeneous assemblage, including such 
different elements as masseurs and physio-therapists, physical di- 
rectors, physicians and surgeons and all others who may be licensed 
by law to render professional services under definitely prescribed 
conditions. This heterogeneity raises many perplexing practical 
problems, which however, need not detain us here. 

While private agencies are concerned primarily with the prob- 
lems of private individuals, public agencies are concerned pri- 
marily with the interests of the public as a whole, especially with 
those sources of danger whose control demands collective as against 
individual effort. The general method of the public agencies is 
prevention. This we are accustomed to contrast with treatment, 
the traditional method of the private agencies. These methods in 
certain respects, do contrast sharply with each other. Where pre- 
vention succeeds, treatment becomes superfluous. And in so far 
as private practice is dependent upen the treatment of preventable 
disorders, its function is temporary only—of the nature, let us 
say, of emergency service. But it must be recognized that treat- 
ment may be essentially preventive in nature, and is becoming 
more and more so, as old-fashioned prescription writing is dis- 
placed by the instruction of patients in the care of their bodies 
and the avoidance of disease. The functions of private and public 
agencies are thus entirely compatible. No reputable physician will 
prolong treatment for his own profit, nor will he hesitate to make 
it unnecessary if he can. Though worthy of his hire, he is never- 
theless a public servant. Under no other theory can the state 
appropriate the sums it does for his professional training. It is his 
duty to destroy disease and develop a sturdy race just as it is 
the duty of the teacher to dispel ignorance and encourage resource- 
ful, self-reliant minds. His is a double function: to cooperate with 
public agencies in preventive measures and to care especially for 
those whom such measures have failed to protect. 

So much for the relation of public and private agencies. From 
whatever angle the problems of health may be contemplated, they 
are scientific problems. They are also fundamentally biological 
problems, of a sort to invite an experimental method of attack. 
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The problems of public health center about the control of the 
eauses of disease. Disease may be defined as a more or less radical 
departure from a standard of bodily or mental health, variously de- 
termined, which may be taken as a standard of reference. It is a 
relative term, in no sense a definite entity. Thus defined, it has a 
variety of causes. Some of these are well known, and form the basis 
of the public health work of the present day. Some of them 
how many we cannot say—are quite unknown. It is toward the dis- 
covery and control of these that experimental biology may be ex- 
pected to make its chief contributions to the health of the future. 
Accordingly I shall attempt to gain space for the discussion of 
these problems of the future by avoiding more than a summary 
reference to the conquests of the past. 

These conquests were largely initiated by Pasteur and a few 
of his contemporaries. The mysteries of suppuration vanished in 
the light shed by his experimental studies on fermentation. And 
contagion received its clear explanation in the demonstration of 
the transportation of an infecting organism by some appropriate 
earrier from one host to another. Thence arose a dominant motive 
in prevention, the discovery and eradication of pathogenic organ- 
isms and their means of dispersal—by fumigation, quarantine, 
sanitation, destruction of breeding places, and carriers and their 
breeding places, and so on. New organisms are being almost daily 
disecovered—witness the organism of yellew fever recently isolated 
by Noguchi, and many additions to our knowledge of the intestinal 
fauna to which Professor Kofoid and his co-workers have made 
such notable contributions. 

When it is not possible to prevent infection, the same result, 
since Pasteur, may be achieved by immunizing the host with spe- 
cifie antitoxic sera and vaccines of various sorts. 

When neither contagion can be prevented nor immunization 
effected, it is naturally sound practice to discover the infection 
at the earliest possible moment. This is one reason for such 
agencies as public health nurses and public dispensaries. 

Education in hygiene is another means of prevention—effica- 
cious both against infectious diseases (¢. g., tuberculosis) and those 
lapses from health that are referable to other causes connected 
with the customary mode of life, such as bad housing, dangers of 
occupation, unsatisfactory food and clothing, and so on. 

With this sketchy summary of public health activities as they 
are commonly practiced, we may turn to certain aspects of the 
general problem which have for the most part a future signifi- 
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eance. First, let us consider the group of psychopathic disorders. 
These are due to a variety of causes, among which are defective in- 
heritance, syphilis, aleoholism, accidental injuries, social including 
occupational maladjustments, sex maladjustments, defects in edu- 
cation, especially early education. The first may be controlled by 
prevention of propagation, and in severe cases in no other way, as 
has been established by studies in heredity. The manner of pre- 
vention is open to question. Segregation of the sexes is entirely 
possible, but presents some practical difficulties at the present time. 
Sterilization laws are in effect in a few states. But the recent ex- 
perimental results of Steinach throw some doubt upon the al)- 
round efficacy of the usual method of vasectomy. In the tests 
of rats whose vasa had been ligated, the sex cells degenerated ; but 
the interstitial tissue hypertrophied with a corresponding aug- 
mentation of the sex impulse. It is obvious that such an operation, 
effective though it may be as a method of sterilization, is of ques- 
tionable protection for the public against a potential rapist and 
carrier of venereal disease. Further experiments are needed. 

Spyhilis continues to resist all methods of prevention, but in- 
fections are subject to control as a result of the experimental in- 
vestigation of Schaudinn, Metchnikoff, Ehrlich and others; that 
complete cures are effected, however, has still to be demonstrated. 

Alcoholism is—theoretically—preventable by law. There can 
be no question of the salutary effect of even our present degree of 
prohibition upon the prevalence of venereal disease and the milder 
psychopathic cases, as well as crime and poverty. As a cause of 
degeneracy Pearson’s well-known statistics are supported, on the 
one hand, by the performances of Pearl’s aleoholized fowls, and 
opposed, on the other, by Stockard’s degenerate guinea pigs which 
continued to reappear for several generations after one ancestor, 
a male, had become an involuntary victim of aleoholism. Whether 
the present law in the United States represents a position of bio- 
logical stability can not be determined until further careful experi- 
mentation produces more, and more varied, data on the physiolog- 
ical effects of aleohol on the human mechanism as a whole. 

Social and occupational maladjustments, though often appar- 
ent to casual inspection, offer to the nerve physiologist and psy- 
chologist a multitude of subtle problems in abnormal human reac- 
tion that have hardly begun to receive proper attention, important 
though they appear in the analysis of psychopathic cases. 

Sex maladjustments, further potent sources of ill health, pre- 
sent another array of problems to the student of nerve physiology 
and the endocrine organs and their inter-relations, that have so 
far been merely reconnoitered. 
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Finally, the education of early life provides large opportunity 
for the crossing of reflexes in tangled patterns that exert a warp- 
ing influence upon normal behavior. Here is a field for both bio- 
logical experimentation and the prophylaxis of biological instrue- 
tion. We hold our young too cheap. To develop with careful 
teaching their natural interest in themselves and the normal 
processes of organic nature, is to provide insurance toward a nor- 
mal life. 

In a second group of disorders that from the increasing fre 
quency of their incidence and their obscure causation are of dis- 
tinct publie concern, I have placed the malignant tumors and the 
affection of the endocrine glands. 

Time will not permit me to dwell upon the grave seriousness 
of the problems they present, and the great opportunities they 
afford for experimental analysis. 

Similarly it will not be possible to consider further the subject 
of eugenics, which has already been touched upon in connection 
with psychopathie disorders. 

The few illustrations that have been cited will suggest some 
thing of the place of experimental biology in the medical research 
of the future. 

LV 

In closing I would like to tell you of two education experiments 
that are being made in Oregon bearing on the present subject of 
diseussion. The first is the introduction of elementary biology 
into the school systems of three cities of the state. The courses are 
planned for the third to eighth years (inclusive) of school life. 
They are in charge of specially trained teachers who are under- 
taking to teach the subject as science and encourage the experi- 
mental method. The results for the past year are everything that 
could be wished. The children are enthusiastic, and have carried 
the infection of their interest to other classrooms and to their 
homes. The wide-ranging observation, initiative, inventiveness, 
keen criticism and clear thinking of these eight-to-ten year olds 
have astonished and pleased parents and school authorities alike. 

The course covers the whole field of biology. One of its objects 
is to provide a natural, unconscious and authentic approach to the 
problems of adolescence. To one who has waited many years for 
the establishment of such instruction, the admirable teachers’ re- 
ports embodying its first fruits read like fairy tales. I suggest it 
as a serious experiment in mental and moral prophylaxis. 

The second project to which I have invited your attention is a 
seven year course in medicine. The student who enters the univer- 
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sity with the intention of studying medicine enrolls at once as a 
student of medicine, in a curriculum that extends without break 
through the seven years of formal instruction preceding the as- 
sumption of his professional degree. 

The prime object of this curriculum is the fusion of those 
phases of medical education that are customarily known as the 
work of the pre-medical, pre-clinical and clinical years into a 
single organic whole. By this means it is hoped 

(1.) To introduce students early to medical problems that 
they may see the very practical connection between their basic 
work and ultimate professional success—avoiding, however, the 
serious error of permitting the substitution of the superficial 
drama of the clinic for the fundamental scientific knowledge on 
which their later clinical success must rest. 

(2.) To stimulate intensive cultivation of the medical sciences, 
biology, chemistry, physics and psychology, by means of which 
to continue indefinitely to live in the present of medical achieve- 
ment—to quicken especially the spirit of research. 

(3.) To indicate that medicine is beyond all things a calling 
that makes demands on every human resourece—on all the full- 
ness of experience, the ripeness of wisdom, the subtle understand- 
ing of men. 

4.) To make every student of medicine wise and skilful in 
the technic of his profession. 

(5.) To make him a public-minded citizen, thoughtful of his 
community, jealous for its future. 

It may be said further that a department of experimental 
biology has been added to the traditional subjects provided by law 
for medical schools, and a directorship of research in fundamental 
medical science with functions extending throughout the entire 
seven year course. 

These are concrete expressions of the view that has been here 
supported—that medicine has a biological foundation and with the 
publie health must needs prosper on biological research. 
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THE CONSERVATION OF THE MAMMALS AND 
OTHER VANISHING ANIMALS OF 
THE PACIFIC 


By Dr. BARTON WARREN EVERMANN 


MUSEUM OF THE CALIFORNIA ACADEMY OF SCIENCES 


T the Pasadena meeting of the Pacific Division of the American 
A Association for the Advancement of Science two years ago, 
the writer presented a paper on the ‘‘Scientific and Economic 
Problems of the Mammals and Birds of the North Pacifie.’’ In 
that paper attention was called to the inadequacy of our knowl- 
edge of the distribution, abundance and habits of even the most 
common species of marine mammals of the North Pacific. We know 
only approximately what the species are. There may be 44, as 
given in the most recent lists, or there may be more or not so many ; 
we do not know with any certainty. 

Excepting the fur-seal, our knowledge of the various species 
is very incomplete. We know the fur-seal fairly well, but not 
completely in all its aspects by any means. Much has been added 
in recent years to our knowledge of certain of the whales, through 
the investigations of Dr. Roy C. Andrews, but of others little or 
nothing has been learned since Scammon in 1870. 

In the paper referred to, attention was called to the richness 
of the North Pacific as a field for scientific investigation and some 
of the problems were mentioned. The commercial or economic 
necessity for an immediate study of some of these problems was 
urged. At the Pan-Pacifie Scientific Conference held at Honolulu 
in August, 1920, he again called attention to this matter and ex- 
pressed the hope that some cooperative arrangement might be per 
fected whereby the various countries bordering on the Pacifie might 
jointly undertake such investigations. 

During the last three years, through the cooperation of the 
California Sea Products Company of San Francisco, a considerable 
amount of very interesting and useful data has been assembled 
regarding the whale fishery on the California coast, but we do not 
yet know even approximately well the life history of a single 
species of those great animals. 

The whales are only one illustration of the incompleteness of 
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our knowledge of the animals of the Pacific. Even our knowledge 
of the fur-seal, about which more has been written than about any 
other animal (man excepted) in the world, is still incomplete in 
several very important respects. We know only a trifle about the 
sea lions, harbor seals, walrus, elephant seal, the porpoises and the 
sea otter. Much remains to be learned concerning the life history 
of the halibut, the herring, the tuna and the sardine, before we 
can formulate laws for their proper utilization and conservation. 
We are only now, chiefly through the painstaking investigations 
of Dr. Charles H. Gilbert, beginning to understand what must be 
done to save the salmon fishery and make it a going concern. 

Most of the animals mentioned, as well as many others about 
which we know little, are of wide distribution and their effective 
study and conservation can be brought about only through inter- 
national cooperation. And this brings us to a consideration of the 
nature of the cooperation that will be most effective, and the ways 
and means by which it may be brought about. 

It is now desired to offer some suggestions upon this phase of 
the subject and to call attention to a few of the problems of most 
pressing moment. 

In the first place, it must be realized that these problems, cer- 
tainly many of them, are international in their scope, and not 
limited in their relations merely to two or three of the most im- 
portant countries concerned ; that mistake was made by the United 
States in the fur-seal treaties. 

When the Paris Tribunal was formed in 1892, the United States 
and Great Britain thought they were the only countries seriously 
concerned. This view was no doubt based upon the fact that only 
their citizens were, or had been up to that time, engaged in pelagic 
sealing. The vital mistake made was the assumption that other 
countries were not likely sooner or later to go into the business. 

Up to that time, it is true, no other country had seriously en- 
gaged in killing fur seals in the open sea of the North Pacific ; even 
the Japanese had not yet done much, if any, pelagic sealing. 

The Japanese government was anxious to join the United 
States and Great Britain in the treaty of 1892, but her advances 
were not encouraged. And what was the result? Japan immedi- 
ately embarked with great vigor in the vastly remunerative and 
extremely fascinating sport of killing seals in the open sea. Not 
being bound by the Paris Tribunal regulations, Japan could law- 
fully kill seals at any time and anywhere in the ocean, even right 
up to the 3-mile limit around the seal islands and along the Ameri- 
ean coast. So vigorously did the Japanese carry on this business, 
and so defective in other respects were the regulation of the Paris 
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Tribunal, that the Alaska fur-seal herd steadily and rapidly de 
creased from 402,850 seals in 1897 to 127,745 in 1911. 

A new fur-seal treaty was negotiated in 1911, the participating 
countries being the United States, Great Britain, Russia, and 
Japan. The United States and Great Britain had at last learned 
that the problem did not concern them alone, so Japan and Russia 
were permitted to come in. But who knows how soon some other 
countries may not be tempted to engage in pelagic sealing? In 
1911, our fur-seal herd had become reduced to about 127,000 seals. 
Under the protection of the present treaty it has increased to 
more than 550,000. Very soon fur-seals will be so abundant in the 
North Pacific as to promise great profits to adventurous spirits who 
may be tempted to engage in pelagic sealing ; indeed, it is thought 
some pelagic sealing has already been going on in the last year or 
two. What is to prevent them from outfitting in China, Mexico, 
Peru, Chile, or other countries bordering on the Pacific, sailing 
under the flags of those countries, and again endangering the ex- 
istence of the fur-seal herd? Any of those countries has a perfect 
right to engage in the business if it wishes to do so. The only 
question they need to consider is whether it can be commercially 
profitable. And the rapid increase of the herd gives the answer to 
that question. 

The present treaty became effective December 15, 1911, and 
runs for a period of 15 years. It seems to be fairly well observed, 
and the herd, although some pelagic sealing has apparently been 
going on, and in spite of some mismanagement on the islands, has 
increased rapidly. By 1926, when an opportunity will be afforded 
to revise the treaty, or even to withdraw from it if any of the 
signatory powers should wish to do so, the herd will probably con 
tain not fewer than 1,000,000 seals. 

It can be assumed, I think, that the treaty will be continued in 
1926. The opportunity then afforded should not be neglected to 
invite all countries bordering on the Pacific and any and all others 
ever likely to become interested in pelagic sealing, to become parties 
to the treaty. 

The opportunity to correct certain other defects in the present 
treaty should be taken. For example, under the present treaty, 
the aborigines on the coasts of the United States, British Colum- 
bia, Alaska, Japan and Russia, are permitted to kill seals in the 
open sea and along their shores. This is a very unwise provision, 
in that it permits the killing of female seals which has always been 
regarded as the most objectionable feature of pelagic sealing. The 
number of seals killed every spring by our Indians on the coasts 
of Oregon, Washington and Alaska, and by those on the coast of 
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British Columbia, is already great and is increasing every year. 
Granting this concession to the Indians or other aborigines is un- 
wise and unnecessary and should be withdrawn. 


CoorERATION IN A STUDY OF THE PROBLEMS OF THE PACIFIC 


Steps have already been taken looking toward cooperation 
among bodies of scientific men of the countries bordering on the 
Pacific for the purpose of investigation and study of the scientific 
problems of the Pacific. The Pan-Pacifie Scientifie Conference 
which was held at Honolulu in August, 1920, devoted most of its 
time to discussion of these problems and to consideration of the 
method of attack. 

The National Research Council, established in 1916 under the 
Congressional Charter of the National Academy of Sciences and 
organized with the cooperation of the national scientific and tech- 
nical societies of the United States, has taken cognizance of the 
matter. In the Council’s Division of Foreign Relations has been 
formed a Committee on Pacific Investigations, which has already 
begun consideration of the preliminary problems involved. Evi- 
dently, one of the first questions to consider is that of the nature 
of the cooperation that will avoid embarrassing entanglements, 
and which will bring results. 

The National Research Council, through its Division of For- 
eign Relations, has already addressed letters to similar organiza- 
tions or bodies of scientific men in several of the countries border- 
ing on the Pacific, inviting them to cooperate with the Committee 
on Pacific Investigations in a study of the problems of the Pa- 
cific of broad or international interest. It is understood that 
favorable replies have been received from various countries ad- 
dressed. The exchange of views expressed by the biologists, geolo- 
gists, meteorologists, oceanographers and others at the Honolulu 
Conference last year showed clearly that the scientific men of the 
Pacific area are alive to the importance of the scientific problems 
of the Pacific and to the necessity of cooperation in their study. 
The replies received by The National Research Council abundantly 
bear out the same conclusion. The time, therefore, seems oppor- 
tune, for consideration of ways and means. 


MetTuop or CoopERATION 


The problems to be studied are so many, so large, and so com- 
plex, that their solution can not be brought about in a day. They 
will require time and money. Whatever may be the character of 
the organization at the beginning, it is more than probable that 
the work must sooner or later depend upon government patronage. 
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It is doubtful if this could be secured until after a campaign of 
education has been carried on. The holding of the first Pan- 
Pacific Conference at Honolulu last year, under the patronage of 
the Pan-Pacific Union, did much to develop public and govern 
ment interest in the matter. Other similar conferences that ma) 
be held perhaps in the near future, in Japan, New Zealand or 
Australia, and perhaps in America, would prove very effeetive 
in inereasing this interest. The Pan-Pacifie Union would, in all 
probability, be glad to act as host and provide the funds to meet 
all necessary expenses. These conferences would almost certain!) 
result in the taking up of certain more or less local investigations 
by local seientifie institutions or bodies of scientific men. 

When the governments see what private and institutional 
agencies are doing, they will begin to realize that some of these 
investigations can be carried on only with government aid and 
international cooperation. Then the time would be ripe for effect 
ing an organization for the study of the scientific problems of the 
Pacific, something like The International Council for the Explora- 
tion of the Sea. 

In the meantime, it would help greatly if the various scientiiic 
agencies on the Pacific Coast of America could unite in some sort 
of a cooperative organization to study some of the important and 
pressing problems right at their doors. Among the problems that 
concern us here on the American coast the following may be men 
tioned : 

(1.) The Gigantic Tortoises of the Galapagos Islands. Fifteen 
species of these wonderful animals are known from those islands. 
Some are already extinct; others are certain of very early extine- 
tion unless steps be taken very soon to protect them. 

(2.) The elephant seal of Guadalupe Island should be looked 
after at once. It may already be too late. 

(3.) The Heermann gull and other sea bird breeding rookeries 
on islands in the Gulf of California. The California Academy of 
Sciences expedition to those islands this year found eggers from 
La Paz, Guaymas and other places at the islands gathering the eggs 
as fast as they were laid and taking them for food. Only a few 
years of such practice will prove fatal to the breeding rookeries 
of these interesting birds. 

(4.) The sea turtles of the Gulf of California and the west 
coast of Lower California are in great danger of extermination. 

(5.) The sea lions and harbor seals from the Gulf of Cali- 
fornia to Bering Straits need careful study. We do not yet know 
sufficiently well their relation to the fisheries. 


A I a Bia 





SUS ee RA IE RU RE EO YO 5 SE ER rr 


i 
: 
i 


—— 


ee 


mm 


= 


266 THE SCIENTIFIC MONTHLY 


(6.) The sea otter, now nearly extinct, should receive imme- 
diate attention. 

(7.) The whales of the Pacific supply one of the most im- 
portant and urgent fields for investigation. 

(8.) The salmon, halibut and herring of our northern coast 
present a number of problems of mutual interest to the United 
States and British Columbia. 

(9.) The tuna and other migratory fishes of the southern 
California coast. 

(10.) The walrus of the North Pacific is being rapidly and 
ruthlessly destroyed. 

Each and all of these present problems require for their inves- 
tigation and solution the cooperation of two or more American 
countries. 

There are on the Pacific Coast of America more than a score of 
scientific and educational institutions as well as numerous commer- 
cial and social organizations, and hundreds of scientific men that 
should be interested in the study and conservation of these animals. 

It ought not to be difficult to bring about some sort of an organ- 
ization of all, or at least a considerable proportion of these various 
units to work unitedly for the conservation of these vanishing 
natural resources. Such an organization, working through com- 
mittees, would carry great weight with the several governments 
concerned and should in time be able to accomplish important 
results. 

It would seem that this is an opportune time for taking the 
initial steps for bringing about the cooperation necessary for a 
study of these problems. With this object in view the following 
resolution has been offered : . 

Whereas, Our knowledge of the habits, distribution, and abundance of 
the marine mammals, certain species of food fishes and other interesting and 
important animals occurring on the Pacific Coast of America, is not adequate 
as a basis for the formulation of laws and regulations for their conservation 
and proper utilization, and 

Whereas, There is reason to believe that several of these species will in 
the near future become extinct unless measures are promptly taken for their 
preservation, and 

Whereas, The problems involved are such as concern the several countries 
of America bordering on the Pacific, now therefore be it 

Resolved, That a committee of five, representing the Pacific Division, 
American Association for the Advancement of Science, be appointed by the 
president to take up with the committee on Pacific investigations of the Divi 
sion of Foreign Relations of The National Research Council, the question of 
effecting an organization of the institutions and biologists of the American 
countries bordering on the Pacific for the purpose of formulating and carrying 
out a comprehensive plan for the scientific study of the mammals, birds, fishes, 
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reptiles, and other marine animals of the Pacific coast of America now threat- 
ened with extinction. 








Note.—The above resolution was unanimously adopted by the 

Pacific Division of the American Association for the Advance 

. ment of Science at its meeting at Berkeley, California, August 4, 
1921. President George E. Hale at once appointed the following 
as members of the Committee: 

Mr. Norman B. Scofield, of the California Fish and Game Commission; 

Professor Edwin C. Starks, of Stanford University; 

Captain W. C. Crandall, of the Scripps Institution for Biological 
Research ; 

Dr. Walter P. Taylor, of the U. S. Bureau of Biological Surv 

Dr. Barton Warren Evermann, of the California Academy of Sciences, 
as chairman. 

Dr. Hale has recently authorized the enlargement of the com 
mittee and the following have been added: 

The committee has been organized and is now formulating the 
problems to be taken up and the method of procedure. It is be 
lieved that it will be able to accomplish much for the conservation 

- and proper utilization of the marine life of the Pacific. 

Mr. W. E. Allen, Scripps Institution for Biological Research, La Joll 
Calif. ; 

A. W. Anthony, Museum San Diego Society of Natural History, San 
Diego, Calif. ; 

Professor William A. Bryan, Museum of History, Science and Art, Los 
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THE DAWN OF THE CELL THEORY 
By Professor JOHN H. GEROULD 


DARTMOUTH COLLEGE 


OW often it happens that a great discovery, before it finally 
flashes out upon the world, smoulders for a long time in 
men’s minds, dimly understood, its full significance unfelt! So it 
was with wireless telegraphy, which by Marconi’s great imagina- 
tion and skill was transformed from a piece of laboratory appara- 
tus, capable of transmitting electric waves across a room, into a 
great system, flashing messages across oceans and around the 
world. So it was with each of the three great biological discoveries 
of the nineteenth century, the cell theory, organic evolution and 
Mendelism. The last, indeed, as the reader knows, lay dormant 
during the final third of the century, ready to spring into rapid 
and luxuriant growth at the opening of the twentieth. 

Organic evolution, it is well known, had its birth in the master 
mind of the great French naturalist, Lamarck, at the very bezin- 
ning of the nineteenth century, fifty years before the appearance 
of Darwin’s ‘‘Origin of Species,’’ but probably few, even among 
the ranks of professional biologists, are aware that the cell theory 
owes its conception to the same fertile, comprehensive mind. 

Probably no statement in the history of biology is more widely 
accepted and quoted by biologists today than that the cell-theory, 
viz., that all plants and animals, as well as their embryonic forms, 
are composed of similar elementary parts, the cells, founded 
in 1838 and 1839 by the German botanist Schleiden and his friend, 
Sehwann. So when the present writer first read in Lamarck’s 
‘*Philosophie Zoologique,’’ published in Paris in 1809, the follow- 
ing statement, he could hardly believe his eyes. ‘‘No body can 
possess life if its containing parts are not a cellular tissue,’ or 
formed by cellular tissue.’’ And further, ‘‘Thus every living body 
is essentially a mass of cellular tissue in which more or less com- 
plex fluids move more or less rapidly; so that, if this body is very 
simple, that is, without special organs, it appears homogeneous, and 
presents nothing but cellular tissue containing fluids which move 
within it slowly; but, if its organization is complex, all its organs 


1 The italics in this translation correspond to those in the original. 





ee 





Yo mht PO 





Seay 





fo el 

















THE DAWN OF THE CELL THEORY 269 
without exception, as well as their most minute parts, are en- 
veloped in cellular tissue, and even are essentially formed of it.’’ 

{In the introduction to the chapter on the ‘‘ Physical Causes of 
Life,’’ in which the words just quoted oecur, Lamarck calls atten- 
tion to the phenomena of organization and its development, espe- 
cially in the lower animals, the consideration of which should con- 
vinee the reader, he says, that (1) ‘‘The entire operation of na- 
ture in forming her direct creations {the development of the indi- 
vidual] consists in organizing into cellular tissue the little masses 
of gelatinous or mucilaginous matter that she finds at her disposal 
and under favorable circumstances; in filling these cellular masses 
with fluids that they are adapted to contain; in vitalizing them 
by setting the contained liquids in motion with the aid of subtle 
exciting fluids that ceaselessly flow into them from the surround- 
ing medium.’’ 

How much more modern this sounds than the idea that those 
of us who are biologists at the beginning of the twentieth century 
are accustomed to hold regarding the doctrine of those who worked 
and wrote at the beginning of the nineteenth! We have been wont 
to think of the conception of the cell in those earlier days as being 
a cavity surrounded by a cell-wall that was then regarded as all- 
important, and here we find Lamarck declaring that the ‘‘little 
masses of gelatinous or mucilaginous matter,’’ the protoplasm of 
later writers, organized into cellular tissue, are the essential vital 
elements, just as we hold to-day! Of the ‘‘subtle exciting fluids 
that ceaselessly flow into them from the surrounding medium,’’ we 
are even to-day almost in ignorance. What Lamarck had in mind, 
as one gathers from reading elsewhere in the same work, was electrie 
action. Lamarck seems to have anticipated by more than a hundred 
years the application of the electron theory to the cell, a field which 
to-day is still almost wholly unexplored. 

Lamarck’s conception of the mechanics of development set 
forth in his second essential condition of life is as follows: 

Cellular tissue is the matrix (literally ‘‘gangue,’’ or vein-stone) in which 
all organization has been established, and through the medium of which the 


different organs have been successively developed by the movement of the 
contained fluids, which have gradually modified this cellular tissue. 


The comparison of cellular tissue to a matrix or veinstone, in 
which the fluid living substance, energized and set in motion by 
forces acting chiefly from without, is gradually moulded into defi- 
nite organs is not an apt simile, to be sure, from our present point of 
view, and yet even to-day are we able to replace it by a metaphor 
that would be more exact? In the conception now in vogue, how- 
ever, the shaping of organs is attributed especially to the enzyme- 
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like action of the chromosomes, to internal physico-chemical phe- 
nomena which Lamarck covered under the expression movements 
of ‘‘fluides contenables,’’ acted upon by subtle exciting fluids, 
‘‘which ceaselessly flow in from the surrounding media.’’ Present 
conceptions (Weismannism and Mendelism) lay great emphasis 
upon the role in development believed to be played by cell nuclei, 
which were unknown to Lamarck. Thirty years later, when 
Schleiden and Sehwann approached the subject, cell-nuclei had 
been discovered. 

It is worth a passing notice that in a clear and keen analysis 
of the differences between organic and inorganic bodies, which 
Lamarck states had been already discussed by M. Richerand, but 
to which he adds his own ideas, growth of organisms is described 
as being by ‘‘intus-susception,’’ a notion that the present writer 
has been accustomed to regard as much more modern. 

The statements thus far mentioned were taken from the first 
volume of the ‘*‘ Philosophie Zoologique.’’ In the second, Lamarck 
devotes an entire chapter to cellular tissue, in which he says: ‘‘It 
has been recognized for a long time that the membranes that form 
the envelopes of the brain, of nerves, of vessels of all kinds, of 
glands, of viscera, of muscles and their fibers, and even the skin 
of the body, are in general, the productions of cellular tissue. 
However, it does not appear that any one has seen in this multitude 
of harmonizing facts anything but the facts themselves; and no one 
so far as I know, has yet perceived that cellular tissue is the gen- 
eral matrix of all organization, and that without this tissue no 
living body would be able to exist nor could have been formed. In 
a foot-note he adds, “Since the year 1796 I have been accustomed 
to set forth these principles in the first lessons of my course.’’ 

In the same year (1809) that Lamarck published this classic 
work, another great Frenchman, Mirbel, brought out the second 
edition of his ‘‘ Exposition de la Théorie de l’Organisation Végé- 
tale.’’ The general conclusion reached in the book was that ‘‘The 
plant is wholly formed of a continuous cellular membranous tis- 
sue,’’ or stated as the first of a set of botanical ‘‘aphorisms’’ that 
he had prepared for the Musée de 1’Histoire Naturelle to accompany 
a large and beautiful plate illustrating the finer structure of 
plants, ‘‘ Plants are made up of cells, all parts of which are in con- 
tinuity and form one and the same membranous tissue.’’ 

Mirbel was probably the most distinguished and industrious 
plant anatomist at the opening of the nineteenth century, and it is 
interesting to trace in his works the earliest stages of the develop- 
ment of the cell theory. In 1802 appeared his ‘‘Traité d’ Anatomie 
et de Physiologie Végétales.’’ Here are only the incoherent ele- 
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ments of a cell theory. He had not yet arrived at the idea that all 
plants are essentially cellular, and he regarded the cell-wall as of 
primary importance. Cells he found, in fungi and Fueus, in the 
epidermis and parenchyma of the higher plants, more abundantly 
in herbs than in trees, in sprouts than in old wood. The embryo 
was composed ‘‘almost entirely’’ of cell tissue. But he had not at 
the time discovered the origin of the tubes that are embedded in 
the deeper tissues of plants, so that this earliest version of the first 
‘*Aphorism,’’ quoted above, then read: ‘Plants appear to be e1 

tirely composed of cells and of tubes, all parts of which are con 

tinuous.’’ Tubes, however, it will be noted, were omitted from 
this aphorism when it appeared in 1809 

How much collaboration there may have been between Lamarck 
and Mirbel, who was thirty-two years his junior, does not appear 
from evidence now at hand, except that both must have been close- 
ly associated in the Musée de |’Histoire Naturelle, but in 1809 both 
entertained somewhat similar views regarding the structure of 
plants. 

As Mirbel expressed it in his letter to Treviranus included in 
his ‘‘ Théorie de l’Organisation végétale,’’ all plants are formed of 
‘‘one and the same membranous tissue, variously modified,’’ not of 
distinct and separate elementary organs existing independently 
and held together by interwoven tubes and fibers; moreover he 
laid great stress upon his observation that cells freely communicate 
with one another by pores. 

Whether Lamarck based his more extensive generalizations, 
which ineluded animals as well as plants, upon Mirbel’s observa 
tions as well as upon his own, it is evident that both held in 1809 
the essential features of the cell theory. 

As Mirbel’s first aphorism stated it, ‘‘Les végétaux sont com- 
posés de cellules, dont toutes les parties sont continues entre elles, 
et ne présentent qu’un seul et méme tissu membraneux.’’ 

It must be recognized, however, that Mirbel laid emphasis 
upon the membranous cellular tissue as fundamental, rather 
than upon the cell as a unit. The folding and modification of this 
tissue during development resulted in the specialized full-grown 
plant. And, to Lamarck, cellular tissue was the matrix within 
which the organs, i. ¢., the blood vessels, nerves, and other ‘‘tubes’’ 
are moulded by the movements of the contained fluids. The 
thought of both was centered upon the organism as a whole and 


2It was not until 1832-33 that his studies on the structure of Marchantia 
convinced him by direct observation that the tracheew are formed from cells, 
and do not constitute an exception to the rule that all plant structures are 
cellular in origin. 
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the primacy of cellular tissue. But to Mirbel’s mind this tissue 
was membranous. Bichat had just laid the foundations of animal 
histology by the classification and description of tissues among 
which he included membranous cellular tissue, by which he ap- 
parently meant undifferentiated connective tissue. Probably this 
important and remarkable work influenced Mirbel. Neither Mirbel 
nor Lamarck apparently thought of the individual cell as the ele- 
mentary unit. 

The idea of the individuality of the cell, an important contri- 
bution to the cell theory, is due to Dutrochet, 1824, who set the 
notion forth in a book apparently very little known at present. 

This is a fascinating account of his own physiological experi- 
ments on the movements of the sensitive plant, on growth move 
ments and heliotropism in plants, and on muscular action in ani- 
mals. He was also something of a histologist, though his micro 
scopes (simple lenses of high magnification) were undoubtedly 
poor, and his methods of treating tissues with nitric acid and strong 
alkalis a bit drastic. After summarizing the then recent (1824) 
researches of Milne Edwards (Mémoire sur la structure élémen- 
taire des principaux tissus organiques), who had found in the 
tissues of animals nothing but masses of globules (globules ag- 
glomérés) he says, ‘‘I have verified the exactness of these observa- 
tions: everywhere, indeed there is found in the organs of animals 
only globular corpuscles, sometimes united into longitudinal and 
linear series, sometimes massed in a confused manner.’’ After 
numerous details, which we pass over, he states, ‘‘From this 
we may draw the general conclusion that the globular corpuscles, 
which by their assemblage make up all the organic tissues of ani- 
mals, are actually globular cells of exceeding smallness, which ap- 
pear to be united only by a simple adhesive force; thus, all tissues, 
all animal organs, are actually only a cellular tissue variously modi- 
fied. This uniformity of finer structure proves that organs ac- 
tually differ among themselves merely in the nature of the sub- 
stances contained in the vesicular cells, of which they are entirely 
composed.’’ 

Then, after telling of the wonderful diversity of cell organiza- 
tion in plants, which he believed to be greater than in animals, 
he exclaims, ‘‘One can not conceive how a diversity of products so 
astonishing can be the work of a single organ, of the cell! This 
astounding organ, in the comparison that can be made between its 
extreme simplicity and the extreme diversity of its real nature, is 
truly the fundamental element (piéce fondamentale) of organiza- 
tion ; everything, indeed, in the organic tissue of plants, is evidently 
derived from the cell, and observation has just proved to us that 
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Thereupon he points out that the 
blood itself is a fluid tissue, capable by coagulation of becoming 


it is the same with animals.”’ 


like other tissues. In it the corpuscles, which he regards as cells, 
float freely. 

But closer examination of Dutrochet’s work reveals the fact 
that the cell theory which he held rested upon an insecure basis of 
fact. This was due not so much to imperfect observation with 
imperfect microscopes as to the fact that the ultimate organic unit 
had not yet been accurately defined. That every bit of living matter 
has its spherical nucleus was still undiscovered. 

It was the aim of the naturalists of that period, however, te 
resolve all organisms into their ultimate parts. The ultimate parts 
that they found were minute globules of various sizes, some cells, 
some nuclei, some nucleoli, some merely granules within the cyto- 
plasm. It was unfortunately upon the observation of these diverse 
globules that Dutrochet based his excellent conclusions. He un- 
doubtedly saw cells, and his figure of a segment of an arm of 
Hydra seems to prove that he saw nuclei, but the latter were to 


him ‘‘nervous corpuscles,’’ corresponding to bodies in the cells 
of the sensitive plant, which, his figures suggest were probably 
nucleoli or chromosomes. He showed corresponding granules also 


in the stem of Vorticella, arranged in linear order. Vossibly these 
were cytoplasmic microsomes; certainly they were not cells. 

The fundamental ideas of Schleiden and Schwann’s cell theory 
were thus contained in the writing of these and other writers of 
the previous generation, who have not been recognized as its found- 
ers chiefly because the term cell, in their minds, was loosely de- 
fined. They had not learned that a typical unit mass of living 
matter has a single spherical nucleus. The discovery of this fact 
made the establishment of the cell theory sure, and in the present 
writer’s opinion was even more important than the work of 
Schleiden. 

Although the nucleus had been seen and figured by still earlier 
writers, its general occurrence in plant cells was first recognized 
by Robert Brown, 1833, a by-product of his work on fertilization 
in orchids and milkweeds.' 

It was this work that furnished Schleiden with his inspiration, 
and led to his attempt to discover the relation of the nucleus to 
the development of the cell, to answer the question: ‘‘How does 
this peculiar little organism, the cell, originate?’’ This question 
he answered to his own satisfaction, though not to ours, when he 
described the birth of the young cell by the appearance of a sort 


8p. 710-713. See References to Literature 
VOL. XIV.—i8. 
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of lens-shaped bud upon the surface of the nucleus, or ‘‘cytoblast,’’ 
as he renamed it. 

It is difficult in these days to follow Schleiden through the de 
tails of his *‘discovery,’’ but it would appear that by the great 
solubility of cellular tissue (eell walls), when not too thick, a fact 
‘some physiologists ——— have felt prepared to deny,’’ 
first float free, then become massed together 


which 
the new-born cells 
and seerete about themselves new walls, in which the nucleus be 
imbedded, if it has not already been absorbed or ‘‘ecast off 
as a useless member.’’ This incorrect idea of the general method 
of formation of new cells overemphasized their freedom, and is 
reflected in Sehleiden’s oft-quoted remark of that ‘‘ Each cell leads 
an independent one, pertaining to its own develop- 


comes 


a double life: 
and another incidental, in so far as it has become an 


ment alone: 
It is around this version of the cell 


integral part of the plant.”’ 
theory, further elaborated by Haeckel in his conception of the or 
vanism as a cell state or cooperative colony of free citizens, that 
much discussion and eriticism of the cell theory has centered, led 
particularly in the last decade of the nineteenth century by Sedg- 
wick, 1895, and Bourne, 1896. The outeome of this and still more 
recent discussions has been to swing the emphasis away from 
Schleiden’s version, founded as it was upon misconceptions of the 
process of the formation of new cells and ignorance of the univer 
sal fact of nuclear and cytoplasmic division, back to the point of 
view of Lamarck and Mirbel that, in its growth, the cellular or- 
ganism reacts as a whole. 

Although Schleiden did not originate the idea of the cell theory, 
which, as his ‘‘ Phytogenesis’’ shows, he got directly from Mirbel 
and his own German contemporary, Meyen, he did good service 
to science by ealling attention to Robert Brown’s discovery of the 
universal oceurrence of the nucleus in plant cells, and especially 
by stimulating his friend Schwann in the prosecution of those im- 
portant and epoch-making studies into the structure of animal 
cells that we have so long regarded as the foundation of the cell 
theory. 

Schwann, as the preface of his classic work indicates, evidentl) 
knew little of the ideas of the French biologists who had drawn 
the plans and begun to lay the foundations of the cell theory thirty 
vears earlier. The physiologist, Dutrochet, for example (whom 
Sehwann does not mention), while he had held the Lamarck-Mirbel 
cell theory, having no standard by which to decide what a cell is, 
had left the notion of the animal cell in that confused, almosi 
chaotie state, in which Schwann says that he found it. Schwann 
does refer to an isolated observation of Turpin, who compares the 
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cells of the epithelium of the vagina with those of the parenchyma 
of plants, and of Dumortier, who had drawn the conelusion, from 
researches into the embryology of the snail, that Mirbel’s proof of 
the development of plants from a single cellular tissue would not 
apply to animals, but there is probably little doubt that Schwann 
found in contemporary literature much confusion regarding the 
eell in animals. 
The beau ful plates which Sehwann has left us a1 


memorial to his skill as an investigator and a striking demonstra 


tion of the essential features of various types of cells animal 
tissues. Sehwann, moreover, recognized that the eve is a sinel 
cell. though he was unable to decide whether its nucleu re) nal 
vesicle) is indeed a nucleus or a young eell. 

Bot} chleiden and Schwann were inquisitive to know how 
new cells are formed. They knew as little about it as did Lamarck. 
Sehleid Ss ess, that a lens-shaped excresc C rorms ) tne 
surface of a nueleus and furnishes a sort of t ellular bud from 
which ; ew cell develops, has already bee? mentioned ‘ 
thought that their germ is a nucleolus, which, escaping from the 
nucleus into an intereellular, cell-produeing ‘‘evtoblasten ’ ¢rows 
by a process akin to erystallization, first generating the new nucleus 
and then the surrounding protoplasm. 

But to ‘ollow the eell theory further would br n¢’ wu bevond 
ts dawn and to the break of day, to the time when the questior 
that had perplexed the mind of Schleiden, ‘*‘ How does this peeuli 
little organism, the cell, originate?’’, was answered by the disco 
ery of the interesting phenomena presented by the nucleus in cell 


division. That discovery brought the cell theory into a new epoch, 
fraught with new and perplexing questions as to the nature of the 
forces that divide nucleus and cytoplasm, and shape t! ~ 
organism. 

As we ponder upon these problems and seek to devise new ex 
} ou 


periments to solve them, we should do well 


back to the suggestive thoughts of Lamarck, who, untrammeled by 
some of the modern working hypotheses that tend to become erys 
tallized in our minds as dogma, approached the great problems of 
life with the keen mind of a seer. 

Resume: (1) The cell theory was stated originally by Mirbe!l 
and Lamarck in 1808 and 1809, thirty years before Schleiden and 
Schwann. (2) Mirbel, like Schleiden, showed in 1808 that all 
plants are composed of cells, of cellular tissue, which he regarded 
as everywhere continuous, primarily membranous, and variously 
modified into all other plant tissues. He laid especial emphasis 
in the earlier years of his brilliant investigations upon cell walls, 
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which he believed to be porous, allowing free, though slow, circula- 
tion of the contained fluids. (3) Lamarck, a year later, 1809, 
extended the idea of cellular origin to include both animal and 
plant structures. To him, cellular tissue was the matrix in which 
the organs (tubes of various sorts) are shaped by the movements 
of the contained fluids, which he regarded as essential vital sub- 
stance. (4) Both Mirbel and Lamarck thought of the organism 
as a cellular whole, not as an agglomeration of units. (5) Dutro- 
chet in 1824, adopting the Mirbel-Lamarck theory, introduced the 
idea of cellular units as composing the animal and plant organism, 
but the idea of the cell-unit had not yet been standardized and 
made definite by the discovery of the nucleus. (6) Robert Brown 
in 1833 recognized the universal occurrence of nuclei in all plant 
cells. The idea of the cell as a unit then became definite. (7) 
Schleiden in 1838 extended Brown’s discovery by his own investi- 
gations of plant tissues, and stimulated his friends Schwann to 
research into the cell structure of animal tissues. He failed to dis- 
cover how new cells originate, though this was the chief aim of his 
classic paper on phytogenesis. (8) Schwann in 1839 made a most 
important contribution to knowledge of animal histology, isola 
ting, and accurately describing and drawing, many different va- 
rieties of cells. He added to the cell theory of Lamarck, Mirbel, 
and Dutrochet, guided by Brown’s discovery of the nucleus, a 
clear-cut conception of the nature and limits of the individual ani- 
mal cell. His elaborate speculative comparison between the origin 
and growth of crystals and of cells was founded on an erroneous 
belief as to the origin and development of new cells out of nucleoli, 
but, nevertheless, contains suggestions as to the nature of growth 
that foreshadow some of the more recent ideas of bio-chemistry and 
bio-physies. . 
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JAPANESE INFUENCE IN CHINESE ty 
MEDICAL EDUCATION' 


By Dr. E. V. COWDRY 


; 
CHINESE StupENTs IN JAPAN 

rR_XUE forty-fifth annual report of the Japanese Minister of S 

i for Edueation, published in 1920, is an imposing volume of 

about four hundred pages, printed in English. It is a 

the activities of the department for the fiscal year 1917-1918 

clearly shows how Chinese students of all kinds come f 

their education. They are found from the Kind ; to 


mperial Universities, in the technieal schools, Acad 
‘ine Art School, in the Schools of Agriculture and F ' j 


} 
Sericulture and Filature. even in the schools for t} 


aimost everywhere. In the publie and private special! . 
are studying law and polities (giving Japanese idea 
ing in China) as compared with 66 in medicine. In the Imperial 
Universities, where it is more difficult to gain ad: 
but 18 medicine. It is quite clear from the cont t] 
Chines re often listed simply as ‘‘foreigners,’’ tho 
small ority of foreigners are probably Europeans. <A cons 
tive « tate would place the number of Chinese students 
over 4,500. The report, as far as it concerns us, may 
ized as follows 
| cee a 5 
I in blic and private kind 
( Tokyo School for the Deaf 
1 Tokvo Higher Normal School for Men ; 
Chinese in Hiroshima Higher Normal School 
( n Tokyo Higher Nermal School for Women i 
Foreigners in normal schools 


n publie and private middle schools 


n publie and private higher schools for gir 
Chin n higher schools 
F s in Tokyo Imperial University 
Chinese in Kyoto Imperial University 
Foreigners in Tohoku Imperial University : 17 
Chinese in Kyushu Imperial University 10 
Chinese in Kokyo Fine Art School............ 13 


1 Anatomical Laboratory of the Peking Union Medical College and the 
Laboratories of the Rockefeller Institute for Medical Research, New York 
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Foreigners in public and private special 


sa Paeiaby 


Foreigners in Tokyo Academy of Musi 
Chinese in Kagoshima Higher School of 
estry 
Chinese in Tokyo Higher School of Seri 
$ Chinese in Tokyo Higher Commercial School 
Chinese in Kobe Higher Commercial Schoo 
Chinese in Nagasaki Higher Commercial S« 
Foreigners in Tokvo Higher ‘1 n Scho 
; Chinese in Osaka Higher Technical School 
Chinese in Kyoto Higher Technical School 
Chinese in Nagoya Higher Technical Seh 


Chinese in Kumamoto Higher 1 ~ 


Foreigners in public and private t n 


Since the elementary schools maintained 
munities in Yokohama, Osaka and other lar 
and some private schools, are apparently 
is safe to estimate that the number of | 
home each year to enter professional o 
over a hundred. During the past few y 
developed but there are indications that 
sive Japanese are alive to the fact that th 
verted into ambassadors of good will be 
unlikely that there has been any great 
tailed reports subsequent to 1917-191 
Shun Ichi Ono has very kindly obt 
records kept in the ‘‘Inspection Office 
Japan,’’ maintained in Tokyo by the C} 
ing that 199 Chinese students have reg 
cine (including dentistry) for the aca 
tributed as follows: 

: Achi Medical School 
Chiba Medical School for Women 


Chiba Special Medical Schoo! 


eee 


Fuji Pharmaceutical Schoo! 

Jikei Medical School (Tokyo 

Keich University Medical School 

Kyoto Imperial University 

Kyoto Medical School 

Kyoto Prefectural Medical School 

Kyote Pharmaceutical School 

Kyushu Imperial University 7 
Mizuhara Midwifery School 
Nagasaki Midwifery School 

Nagasaki Special Medical School i) 


Nagoya Prefectural Medical School 


ae 


% 


eta 
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Nippon Medical School (Tokyo)... — 23 
Okayama Special Medical School.......... ahead 6 
Osaka Dental School... icmsciiaae ] 
Osaka Prefectural Medical School... socket 5 
Tokyo Dental School...................... — - 4 
Tokyo Imperial University................... <= , 3 
Tokyo Medical School............. . ipietoceanetih 17 
Tokyo Medical School for Women........... vies 15 
Tokyo Midwifery School.......... iinssiiadewiaeiine 3 


Tokyo Pharmaceutical School i , 2 


The records show that the expenses of 118 of these students are 
paid by the Federal or Provincial Chinese governments and that 54 
come at their own expense. The means of support of the remaining 
27 are not given. It is interesting to note that none of the govern- 
ment students attends the Imperial University Medical Schools, 
perhaps on account of their insufficient pre-medical training or in 
view of the relatively high fees. They attend for the most part the 
special medical schools of which Chiba appears to be the most pop 
ular, with an enrollment of 50 students. The Nippon and Tokyo 
Medical Schools, which also attract a considerable number, are 
of rather inferior grade. 

The fact that 25 out of the total number of 199 students, or a 
little over 12 per cent. are women, is indicative of the broad-minded 
policy which the Chinese are adopting toward medical education for 
women. It is indeed a considerably larger percentage of women 
medical students than we find, even in the United States, where in 
the year 1920-1921, they amounted only to 5.9 per cent.2 It is 
significant also that 9 of them are maintained by the Chinese 
government; but why they should be sent to Japan where the op- 
portunities for women medical students are distinctly less favorable 
than in China! it is very difficult to suggest. 

The instruction offered is fairly uniform, because, in Japan, 
government control is far-reaching, and the private schools are 
usually well-organized and systematic in the enforcement of their 
requirements. Judged by the ‘‘Standards of the Council on Medi- 
cal Education and Hospitals of the American Medical Association,’’ 
with liberal allowance for difference in local conditions, very few 
of the Imperial Universities and special medical schools would 
fall below ‘‘B’’ grade while quite a number would probably 
be granted ‘‘A’’ rating. From our point of view there 
seems to be room for improvement in at least two directions. 


2 Jour. Amer. Med. Assn., Chieago, 1921, Ixxvii, 531. 
3 Cowdry (E. V.), Anat. Record, Phila., 1920, xx, 52. 
































Sb ap De aR a rod 


ee 














CHINESE MEDICAL EDUCATION 28] 
The Japanese have outdone the Germans in the domination 
of the lecture method and have failed to compensate for se 
doing by giving elective courses and by making the eurriculum 
elastic. For example, in thirteen representative medical colleges, 
lectures consume on an average of 59.67 per cent. of all the time al 
lotted to the teaching of anatomy.’ In one case they take up as 
much as 90 per cent. Since approximately the same proportion of 
lectures is given in other subjects, it is fairly obvious that the stu 
dents have but little opportunity to discover things for themselves 
and to develop originality. The rigidity of the curriculum and the 
absence of any elective courses worthy of the name tend in the 
same way to stifle individual initiative. On the other hand, it ean 
not be denied that students do learn the principles of medicine in 
a thorough if eut-and-dried fashion and that they profit greatly by 
their experience in other ways. 

Only one Japanese instructor has volunteered the information 

quite unsolicited) that Chinese students are in some eases unfairly 
treated. The accusation usually comes from foreigners, who know 
nothing first-hand, or from Chinese, who have also studied in the 
United States or in Europe. As a matter of fact, Chinese students 
are probably treated with indifference, or with a shade of patron 
age, which they may easily resent when they notiee how different 
it is in the United States, where the instructors are particularly 
interested in them and vie with each other in their efforts to bring 
out their best qualities, so that, in effect, they receive preferential 
treatment. I have received verbal confirmation of the statement 
made in the report of the China Medical Commission of the Rocke- 
feller Foundation® that entrance requirements are reduced in the 
ease of Chinese students. This probably does not apply to the 
[mperial Universities. Actually, it is an encouragement to Chinese 
students to take up the study of medicine, though the motive may 
have been to increase the number of students for political er 
financial reasons. 

It is perhaps safe to assume that these young Chinese, like many 
of their Japanese teachers, come to believe that Western supremacy 
depends upon nothing more than skill in mechanical inventions. 
This interpretation is soothing to their feelings, which are some 
times ruffled by the apparent crudity of Western eustoms. The 
more thoughtful among them may notice how thoroughly the 
Chinese classics are studied throughout the Empire and what ex 
cellent libraries are to be found in Tokyo, almost rivaling those in 

*Cowdry (E. V.), Anat Record, Phila., 1920, xviii, 84. 

* Rockefeller Foundation, 1914, Report of the China Medical Commission 
on Medicine in China. University of Chicago Press, 113 pp 
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Peking, as compared with the easy way in which the classics are 
dismissed from consideration in the oecident. As they follow the 
successive steps in Japan’s renaissance, they cannot help observing 
that it is quite possible to take advantage of Western discoveries 
without jeopardizing the fundamental ideals of oriental civiliza- 
tion. Far from being injured by the new teaching Shinto and 
Buddhist shrines receive financial support from the Imperial De- 


partment of Edueation and are gradually increasing in number. 
Whether this inerease is commensurate with the incre 
ti nable to say, but even a casual visitor will notice 
nples are tended in comparison with the dila] 
and } ed appearance of national monuments in China. They 
note aiso that the Japanese have overcome their seruples and hav 
organized a system for obtaining bodies for dissection, which is 
unique s efficieney. During the year 1914-15 over one thou 
bodies were available at the Tokyo Imperial University alone ; abo 
ter ‘'s the yearly supply for the whole of China. 
0 5 DISSECTED IN THE JAPANESE IMPERIAL UNI 
TOKYO KYOTO TOMOK! 
1S 78] 3706 223 
939 416 173 

1915-1 724 435 93 
1914-15 1,328 427 94 330 
1913-14 SSS 433 89 329 

The atmosphere in which the students live is chai \ 
strange mixture of liberalism and autoeracy. Surprising inn 
tions are being made, some of which are almost withoi 


even in the United States. The real significance of the 

ment of a law, passed some years ago, according to which 

dents of the Imperial Universities of Tokyo and Kyoto are 
pointed on the recommendation of a nominating committee elected 
by the faeulty, instead of by the Emperor, probably escapes t! 

but they do observe that freedom of speech is increasing and 
the voting franchise is being extended. Growing confidence i: 
democratic methods of private schools is exemplified by the Pres 
dent of the Kyoto Imperial University sending his son to the Keioh 
University in preference to a government institution, an action 
which caused lively discussion and comment. The liberal and 
progressive element is certainly gaining strength in all domestic 
affairs, but unfortunately it is stil! quite inconspicuous in the for 
eign policy pursued by the government in Korea and in China. 
Both at home and abroad these students have had a taste of the 
shady side of militarism so that many of them become intensely 
liberal in their sympathies. With their pride of race they feel, and 
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are justified in feeling, that what Japan has done they can also do. 
As far as they are able, they will try to duplicate her suecesses and 
to avoid the painfully mistaken Prussian philosophy of her mili 
tary leaders. On their return to China, many of them secure posi 
tions of responsibility and exercise considerable int 
political) in the federal and provincial medical schools and hos 
pitals. It is natural for them to send their own students to Japan 
to buy their medical supplies in the Japanese markets with whic! 
they are familiar, and, in some cases, to appoint skilled Japan 
instructors to important posts in which other foreigners would 1 
be tolerated. Only recently, following the Shantung award, has 
become necessary to replace these Japanese by ( hinese in the me 
eal schools or the capital. 
D> 


Professor John Dewey sums up the si atiol S fo] 


\lthough cultivated Japanese as well as politicians like Marg 


Okuma have long proclaimed the right and duty of Japan to 
China, to be the mediator in introducing western culture into Asia 
neluding India, where they look upon the English’ as al 

lopers), few Americans have taken seriously the dependence 

China upon Japan in just these ways. I have seen books o 
development of modern Chinese education which do not mentio 
Japan, which attribute the renovation of the Chinese system to 
American influence, and which leave the impression that it is molded 
upon the American common school system. As a matter of fact, it 
molded administratively wholly after the Japanese system, wl 


so far as Western influence enters in, is based on the German sys 


tem, with factors borrowed from French centralization. I ha 
visited nine provinces and seen the educational leaders in 
capitals where the higher schools are concentrated. There are 
two cities, Peking and Nanking, where, in the government schoo 


direct western influence begins to approach the Japanese, eithe 
methods or personnel. To talk about returned students and 

to discriminate between those from Japan and those from Eur 
and America is to confuse everything touched by the discussi 

He goes on to say that ‘‘By far the greater number of the rev 
tionary leaders who formed the Republic were Japanese or | 
lived in Japan as refugees and imbibed its culture as they never 


assimilated that of the West.’’ 
JAPANESE TEACHING IN CHINA 
In addition to training Chinese students at home, the Japanese 
The Asia Maa , 1921, 
In this, the Japanese are di ng 


hold that the English are Aryan and con 


Hindus (who are also Aryan 
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are actively carrying medical education into China. In 1911 the 
South Manchuria Railway Company established a good hospital and 
medical school at Mukden. The arrangement of buildings is illus 
trated on page 290. Visitors are ushered into a reception room and, 
after a fitting delay, are received by the director who conducts them 
on a tour of inspection. On entering the wards, which extend out 
behind the main hospital building and are spotlessly clean, dispen 
sation is courteously granted so that it is not necessary to follow 
the Japanese custom and remove one’s shoes. Any dirt that may 
have been introduced is quietly wiped away by nurses wearing their 
black and heavily-oiled hair piled high in pompadour, precisely as 
in Tokyo. Passing from building to building, along paths bordered 
with newly planted trees, one is impressed with the completeness 
of it all. No necessary detail of equipment or administration seems to 
have been forgotten. The new laboratory building, shown on page 
291, would not seem out of place on the campus of one of our best 
universities. It is semi-fireproof and the rooms are laid out upon the 
unit system and supplied with moveable furniture so that they may 
be easily adapted to meet the changing demands of medical science. 

Useful information is given in the official announcement, printed 
in English (for the convenience of foreigners), from which I quote 
verbatim as follows: 

AIMS OF COLLEGE 

The aims of the college lie in training Japanese and Chinese physicians 
ot fine character and competent ability who assume their parts to contribute 
to the progress of medical science, particularly to study the natures of, and 
the cures for, endemies peculiar to Manchuria. 

STATUS OF COLLEGE 

The college stands on a plane equal to the medical colleges at home under 
government management. It is organized according to the Imperial College 
Act. It goes without saying that the graduates of this college are entitled to 
every privilege and qualification accorded to the graduates of home colleges. 

COMPETITIVE ENTRANCE EXAMINATION 

The competitive entrance examination for the first year grade of the 
principal course is conducted in: 

Mathematics (algebra, geometry and trigonometry), physics, chemistry, 
natural history (zoology, botany, physiology and hygiene), composition, for- 
eign language (either English or German), Japanese (for Chinese applicants 
only), ete. 

The standard of the examination is put on a level similar to that of a 
graduate of a middle school. 

The entrance examination for the first grade of the preparatory course 
is held in mathematics (arithmetic and algebra), physics, geography, and 
history, Chinese classics, drawing, ete., on a level with the third year of the 
middle school. 

CURRICULUM 
The new students joining the first year grade of the preparatory course 
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are to take up the study of ethics, Chinese classics, Japanese, mathematies, 
physics, chemistry, biology, gymnastic exercises, etc., in the course of two 
years, and then pass into the first grade of the principal course 

The curriculum of the principal course running four years comprises 
Physics, chemistry, anatomy, physiology, pathology, pharmacology, inter 
clinique, surgery, kinderclinique, dermatology, the science and treatment of 
venereal diseases, rhyno-laryngo-otology, opthalmology, gynecology, psychology, 
hygiene, bacteriology, medical jurisprudence, dentistry and oral surgery, 


ra 


ethics, Chinese or Japanese (Chinese for the Japanese students and Japanese 


for the Chinese), German, gymnastic exercises, ete. 
MONTHLY EXPENSES OF STUDENTS 
The monthly expenses of a student inclusive of tuition fee, dormitory 
expenses, etc., amount about Y 17 each. 
I am indebted to Doctor Motoi Yamada, Director of the college 
at the time of my first visit, for many courtesies and to his successor, 
Doctor M. Hirano, for the following detailed information which 


shows a steady increase in the proportion of Chinese students com 


pared with Japanese, and enables us to calculate the cost of the 


education provided. In 1921 the outlay for current expenses ex 
ceeds the income by 394,773 Yen, so that each of the 212 students 
represents a yearly expenditure of 1,862 Yen or about $931 U. S., 
which compares favorably with the tuition fee of 17 Yen per month 
(including dormitory and other expenses). On the basis of ten 
months’ instruction per year, this would amount to 170 Yen, or 
about $85 U. 8.3 
ANNUAL BupGet or 1921 
(School ( Hospital 

Buildings, gold yen , ’ = 186,912 314,348 
Instruments . iain , 5,400 9,000 
Books ...... = m 8,100 

Income .......... we . 6,472 434,574 
Current Expenses: 

Clay ....... cancion 278,703 557,116 


STUDENTS 
(Japanese ) (Chinese (Total) 
Final claas.............. a , —— 13 31 
Fourth class. oc ae Seer f 15 40 
=e ~6@oeee.................... 2 Se : 17 36 
a cniciciisaciewnnene Sop TR Ree 2 16 44 
| EC Ta 14 61 


I i sas al 27 f 212 


8 The Report of the Council on Medical Education and Hospitals (Jowr. 
Amer. Med. Assn., Chicago, 1921, lxxvii, 534) for the year 1920-1921 shows 
that in 42 American medical schools listed in Class A, the fees for each 
student range from $175 to $350 per year, which does not include the very 
large item of living expenses. 
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GRADUATES 
(Year) (Chinese 
1915 1] 0 
1916 12 0 
1917 17 4 
1918 24 1] 
1919 24 


199 
1uVeu0 


(Japanese ) 


Bopies FoR ANATOMICAL PURPOSES 

(Men) 

3 

18 

31 

44 
120 

RS 


(Wom: 


65 
56 
34 
71 
PATIENTS 
(Outpatients) (Inpatient 


23,543 13,884 


35,890 
62,035 
68,911 
69,536 
84.839 
114,423 


20,000 


34,701 


49.6: 5 
67,257 
70,507 
T5888 


116,135 74,84 

126,033 83,417 209,4/ 
beautiful booklet, bound in yellow silk, containing a splendid 
m of photographs of the buildings, clinics and points of 
has been recently published and may be obtained from 


1? 


In the pre-clinical divisions there is an adequate full 


select 
interest, 
the director. 
time staff, so that the college is able to distribute every vear a most 
creditable volume of reprints of scientific contributions. An im 
portant innovation is made with respect to travel. Entire classes 
of students have visited our college in Peking and make other ex 
peditions in order to become familiar with local conditions. 

The Chinese students at Mukden appear to be treated on a basis 
of absolute equality with their Japanese companions; whereas, in 
the Japanese Government School at Seoul (Keijo Medical School), 
a special and more advanced course is provided for the Japanese 
which gives them certain privileges not enjoyed by the Koreans. 
The two courses are clearly set forth in the yearly Japanese an- 
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nouncement.2 In practical gross anatomy, for instance 


» 


Japanese are given 144 hours and the Koreans only 36. No harn 


a ; 


ful results of the present régime are noticeable, probably for th 
reason that a missionary institution, the Severance Union Medical 
College, gives excellent medical training to classes chiefly composed 
of Koreans which compensates so that highly trained Koreans, as 
well as Japanese, enter medical practice. 
The Japanese Government maintains a medical school 
mosa, which admits Chinese students, and is reported to be in 
condition. The Japanese military authorities have closed tl 
mer German Medical School at Tsingtau, though the hospital is : 
to be open. I am told’ that Professor M. Miyajima, o 
sato Institute of Infectious Disease, has recently 
in order to report on the advisability of open 
of the Institute. Such action would meet a 
been felt for sera of different kinds. 
A Japanese society, of which the late M: 
dent, operates a system of hospitals in the la 
ing, Nanking, Shanghai, ete., and a new one is ! 
tion at Hankow. The entrance to the Dojin Hosp 
in Peking is shown on page 292. The style of archi 
characteristic of Japanese buildings in China. Whil 
pitals are intended primarily for Japanese residents, and 
ally afford asylum to Chinese political refugees, 
number of Chinese patients and serve as active cen 
semination of ideas of western medicine. The cures 
effected lead the people to doubt the efficacy of nat 
medicine which is a stride in the right direction for d 
with present conditions is the strongest motive for 
Japanese drug stores are widely scattered 
throughout China. The drugs are not of the best 
often sold in disguise, as has been shown in a careful sur 
taken by the ‘‘ Peking and Tientsin Times’’ in 1920. But 
that other nations hold no monopoly of virtue with r 
either opium or patent medicines. The drugs dispensed 
stores at considerabie profit are, at least, improvements on 
Chinese remedies which are often made up on the principle that they 
must be as disgusting as possible in order to frighten away the 
evil spirits which cause the disease. The stores will continue to 
be little clinies where informal advice is given regarding minor ail 
ments. Good business demands that the proprietors attempt to give 


®°T am indebted to Dr. E. T. Hsieh for a translation. 


10 By Professor Hiroshi Ohshima of the Kyushu Imperial University 
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satisfaction to their customers and not impose upon them to the 
point of losing their patronage. ‘‘A little medicine is a dangerous 
thing’’ where it leads to ignoring the valuable advice of competen: 
physicians; but, in China, where there are so few physicians, a 
little western medicine is certainly better than none at all. It is 
at least, a competitor in a small way, and weakens the monopoly 
of native medicine, which, with its large elements of faney and 
superstition, exercises, in my opinion, a strong inhibiting influence 


upon independence of thought and action. 

In times of plague and famine, the Japanese are always among 
the first to come forward to help. Just at present there is a ten 
dency to disparage their efforts and to look for hidden motives 
which may not exist. When they contribute to famine relief, it 
is called propaganda; when they erect a new hospital, it is also 


called propaganda, leading, it is said, directly to disarming opp: 

sition and to making the penetration and eventual control of China 
easier. Every action in which a selfish motive cannot be imme 
diately seen is labeled in the same way, and they are not slow to 
return the compliment by suspecting the actions of other foreign 
nations. There ean be no doubt that many Japanese regard the 
expenditures of the Rockefeller Foundation in China as propa 
ganda pure and simple. An aphorism of the Chinese philosophe: 

Lao Tzi"' is ad propos: ‘‘He who has not faith in others shall find 
no faith in them.’’ This mistrust is lamentable because it makes 
cooperation so very difficult. As a matter of fact, the absence of 
organized Japanese propaganda in China with attractive conces 
sions aiming at the establishment and maintenance of cordial rela 
tions is most noticeable. 

Japanese help comes in a perfectly natural and straightforward 
way. The Chinese Army Medical School in Peking may be in part 
regarded as an outcome of the repeated demonstration by the 
Japanese in North China of the practical value of a really efficient 
army medical service. Regimental surgeons in the south of China 
are trained at the Kwangtung Provincial Medical School at Can 
ton, which is below par in both equipment and personnel. During 
hostilities, officers from the headquarters of the Chinese Red Cross 
in Peking are occasionally supplied to the southern troops. 

Japanese settlements in the treaty ports and elsewhere are, as 
one would expect, growing much more rapidly than those of other 
nations. The in-coming Japanese bring with them improved 
methods of sanitation and for the eare of the sick which they place 


11 Giles (Lionel), The Sayings of Lao Tzu. London, John Murray, 1917, 
53 pp. 
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the Chinese are 


at the disposal of the Chinese at a price which 

isually well able to pay. It is not at all a question of charity, 
which the Chinese find it so difficult to understand. Their schools 
and hospitals in China, like those of the Chinese Government, are 
absolutely free from religious teaching. Conversion to Shintoism 
is not even a desideratum. The Japanese have numerous temples 
in China which ean be recognized by the peculiar 
tori. at their entrances, but there is no attempt to demonstrat: 


arches, ealled 


or even to suggest, the superiority of the form of Buddhism whicl 
they profess. It is, I think, safe to say that without the treme 


dous foree and. inspiration of the missionary motive the Japanese 


have, indirectly and without any spirit of altruism, accomplished 


more in the introduction of modern medicine than any other na 


Certainly the results obtained by the non-missionary orga) 


T10n. 
! ited States ) do 


zations of any country (except perhaps the | 
not bear comparison with those of the Japanese 


eounting Japanese 


Of the thirtee 


medieal schools under foreign control not 
eleven are under missionary auspices, the Medical Department of 
the Peking 
Union Medical College is ‘‘sympathetic with the m lary spirit 


trustees appoimted by mis 


Hongkong University is a Government Institution a) 
ind motive’’ with six of its thirteen 
sionary societies. 


It is to be hoped that the Japanese will adopt the plan of 
them to 


otte) 


scholarships or prizes to Chinese students to enabli 


studv in Japan. To be most effective. these scholars} Ips should 


come from the Imperial Japanese Department of Edueation 

cooperation with the Foreign Office but commercial organizations 
trading in China are in a position to help. If, for instance, some 
of the large firms dealing in medical supplies. comparable to Bu 
rows Wellcome & Co., in England, should offer a scholarship t 
the student graduating at the head of his class in each of the Chi 
nese provincial medical schools enabling him to study for a year 
in a Japanese Imperial University, it would establish cordial re 
lations and the firm would certainly not be the loser in the long 
run. This might pave the way for the establishment of a system 
of exchange professorships between Japanese and Chinese Univer- 
sities. If the Japanese will only coordinate and systematize their 
influence in the introduction of modern medicine into China, im 
portant results will surely follow for their opportunity is unique. 


JAPAN’S QUALIFICATIONS AS TEACHER 


European nations can help China but the help is as nothing 
compared with what the Japanese are capable of giving. They 


VOL. XIV 19 
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PLAN OF ARRANGEMENT OF BLILDINGS OF THE SOUTH MANCHURIAN RAILWA 
MEDICAL SCHOO! MUKDEN 


have almost accomplished the task whieh China is’ begin 
Seventy-five vears ago, the same kind of native medicine 
powerful in Japan. With the aid of their strongly central 
government, they have rigorously attacked it and have almost 
banished it from the Empire so that the casual visitor has to look 
earefully indeed to find any traces remaining. The picturesqu 
priest-doctors of Old Japan, illustrated so well in a recent numbe 
of the ‘*National Geographic Magazine,’’ are seldom seen. The 
old Chinese pharmacopewia with its noisome preparations has bee 
vast aside; and acupuncture, or the art of healing by relieving the 
body of the malicious excess of male or female principles throug! 
needle-sticking, has been made unpopular. An intellectual revolu 
tion has, in faet, been accomplished. Thanks also to the circum 
stance that the Japanese have borrowed their writing and thi 
eulture from China, it is relatively easy for them to make them 
selves at home and to understand local conditions. It is fashion 


able now-a-days to harp on racial differences, but in Peking Ca: 


tonese are sometimes mistaken for Japanese; and, when I visite: 
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the Tokyo Imperial University with a Japanes 

politeness to me spoke English. he was at first 
fellow-countrymen for a Chinese. Similarity 

course exceptional, but it is none the less sig heart i\ 


would long mistake a European for a Chines 


Japanese have the advantage of propinguits th the establis! 


ment of a new line of fast steamers between Shanghai and Nawasak 
reducing the time of passage to less than thirty s 

will be greatly expedited. Close estimates shoy 

than one tenth as much for Chinese students 

medieal edueation in Japan as it does in the | 

these circumstances it Is not surprising that 


vovernments send more students to Japa 


NEW LABORATORY BUILDING OF THE SOUTH MANCHURIAN RAILWAY MEDICAL SCHOO 
DEVOTED CHIEFLY TO INSTRUCTION AND RESEARCH IN THE PRECLINICAL SCIENCES 


the world put together. I am informed’? that the Provinee of 
Chekiang maintains approximately thirty students of different 
kinds in Europe and America as compared with about one hundred 
in Japan. Students who have to save up and pay their own way 
find the low traveling expenses and simple seale of living in Japan 
very attractive. 

Though I agree with the late Marquis Okuma that it is the right 
and duty of Japan to aid China, I do not for a moment advoeate 
anything approaching a monopoly in this respect; for if the help of 
other foreign powers are withdrawn, or pursued with less vigor 
it would be a very real catastrophe. Japan’s contribution ean be 
made of great value in spite of the fact that she is naturally unable 


12 Dr. Tsang G. Ni of the Hangechow Provincial Medical Sehool, Har 
chow, Chekiang. 
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to compete on an equal footing with Western nations in the int: 
duetion of western culture and philosophy. She gives what s| 
has herself absorbed in the manifold applications of science 
human welfare; but China is such an immense country that the: 
is ample room for all the assistance that can be rendered. Th 
goal is still afar off. As a matter of faet, hardly a beginning has 
yet been made since the large rural population remains untouclh: 
We have to guard against misplaced optimism. China’s trad 
tional inertia will probably prevent the change from spreading 
over the nation with lightning-like rapidity as in Japan. A stab! 
and united government is one prerequisite and Japan can help as 


none other to this end if she so desires. The calling of the Arms 


ENTRANCE TO THE DOJIN HOSPITAL, PEKING 


Conference in Washington is in reality a challenge to the liberal 
party in Japan to arise and throw off part of the burden of arma 
ments, to refrain from military aggression and political intrigue 
in China and to lead other nations in a constructive progran 
which will eventually place China in a position to help herself and 
to contribute her share toward ‘‘the welfare of mankind throughout 
the world.’’ 

The way is plain—all that is needed to extend Japanese in 
fluence is to put in practice a sufficiently comprehensive and well 


thought out program in which cooperation is the key-word. It is 


after all, a problem in racial psychology. During many ce 
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turies China has been the intellectual maste! 
, rather delicate adjustment is required in the ittitude of 


the new teacher as well as the old master. Japa) eat success 
n adapting herself to the outside world, and teome of a 


l am one of 


unequal struggle with Russia, has bred arrogance 
nd helpful 


those who believe that when she adopts a econeil 


? 
Ss 


attitude, China will meet her more than half way rtail 
ilat oll have 
They toil 


ndifferenes 


that the great masses of China’s vast agricultura 


not yet awakened even to a realization of their 


on in philosophie calm and regard all foreigner 


Much depends upon the spirit in which they, 
slowly come to develop coherence al d ! ational 


Japan will play a leading role. 


Fujikawa ’s Geschichte der Medzir 


with references to Chinese influence: 
Japan, particularly during the Tang 
medicine introduced by travelers and pries 


ment sent special students to China to 


Not until the coming of Europeans Chin 
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A CURIOUS MATHEMATICAL TITLE-PAGE 
By Professor F. CAJORI 


NIVERSITY OF CALIFORNIA 


nd cubes to double would e 
Thus sings old Matthew Prio 
v points there are, which all dise 
hundreds of would-be pathfinders « 
of Anaxagoras down to ours, hav 


to eestas\ the belief that they had solved the impossible 
lem otf the squaring of the eirele, only perhaps later to be cast 
learning of their failm Ma 


the depths ot d sappointment upor 


have died der the delusion that they had accomplished 


possible 
The problem of the quadrature of the ecirele presents a st 
phenomenon in the history of thought. A geometric const: 


s to be effected on very definite assumptions and restrictio: 


ise of a pair of compasses and an ungraduated ruler. 
One element of strangeness lies in the fact that the problen 


has no bearing whatever on practical life. The mathematician and 


engineer can compute the area of a cirele to any desired degre 
approximation; if they wish, they can carry approximations t 
hundreds of decimal places, although five or six places suftic: 


practice. 
Another feature constitutes a source of pride to present 


mathematicians. Unlike some philosophical questions which 


as far from solution now as they were aeons ago, the cirele-problem 
after thousands of years of intellectual effort, has been finally and 
definitely conquered; in 1882 it was proved by conclusive demo 
stration accepted by all trained mathematicians, that, under the 
restrictions imposed, the circle can not be squared. 

(ne item of interest, in connection with the quadrature of the 
circle, is not generally known. The problem suggested an illus 
trated title-page which is perhaps the most unique that has eve 
adorned a mathematical book. In 1647 the Flemish Jesuit math 
matician, Gregory St. Vineent, published a wonderful geometry 
containing genuine pearls of new geometric truth, but unfortu 
Wi 


nately also a false diamond, the quadrature of the circle. 


reproduce the title page, which presents to the eve the nature oft 
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our obstruse problem. Seldom has a_ subtle abstract questi 
found such striking concrete illustration. In the fore-ground a 
three bearded men in old-time garb. One of them with staff 
hand has just drawn upon the ground, a circle and an equivale 
triangle. On the right, the sphere and the cube suggest among 
other things the accomplished cubature of the sphere. As if thes: 
two drawings were not sufficient reference to the solution of th: 
great problem, there is shown also the transmutation of the square 
and cirele into each other by the solar beam of light passing 
through the square opening in a board and forming upon the 
ground below, a circular illuminated area. Mutat quadrata 
tundis. One of the cherubs indicates by a pair of compasses that 
the figure is a eirele. Another gives vivid evidence of surpris 
and delight. We omit descriptions of the twisted and fluted 
columns and other details, and only point out the challenge whic! 
this engraving makes to modern pedagogues, to equal or surpass 
if they can, this powerful appeal to the eye. 

Recently the present writer experienced a surprise by the dis 
covery that this same title-page (with only very slight changes 
unimportant details) was appropriated sixty years later in 
edition of the collected works of another noted Jesuit mathema 
tician, Andreas Tacquet. This edition appeared at Antwerp 
1707, some years after the death of Taequet. Hence this ‘‘ bor 
rowing’’ was done by the editors and publishers. Evidently th: 
novelty and impressiveness of the picture appealed to them so 
strongly that they used it in Taequet’s works even though this 
mathematician is not associated with the problem of squaring the 


cirele. Taequet is known chiefly as a teacher and as the editor of a 


edition of Euclid which was translated into English and used in 
Great Britain as a school book for the larger part of a-century. 
The title-page of the 1707 publication represents therefore the 
transfer of a fanciful portal originally opening into the mystic 
realm of transcendental mathematies, to a well-trodden avenue 
leading to elementary schools. 
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ECLIPSES AND THE EINSTEIN eclipse, are goil 
THEORY the Americans 
of Java, 250 


Island, 


EINSTEIN will be the moving spirit 
behind two expeditions that will 
s¢ om . 


spend six months or more traveling 


to Australia this year to have thr 


opportunity of observing the eclipsed 


sun for six minutes. 

May 29, 1919, when the moon last 
obscured the whole of the sun, pho 
tographs taken by British astro: 
omers off the west coast of Afric: 
and in northern Brazil showed a shift 
of the images of stars that has, in 
less than three vears, shifted the 
thoughts of even unscientific peopl 
to the Einstein theory of relativity 
September 20 of this year is the dat: 
on which Einstein’s theory can agai 
be put to the test of actual observ: 
tion astronom 


will he telesconm 


Mexics 


In an arid country, whose princip:l 


vegetation is a prickly plant that 


SCOP S 


will penetrate even fairly thick leg 
gings, a party of American astrono half of 
mers, headed by Professor W. W 
Campbell, director of the Lick Ob 
servatory, will set up an observator 
This site will be in northweste: 


Australia on a desolate coast, but to 
compensate for the bleakness of thi the 
United Stat 


place and hardship of the journe, 
there, it is expected that the Ame New Yorkers 


ican astronomers will have the clear guished shortls 
est skies through which to photo number of 


} nave 


rhe 


graph the stars visible due to t 


ec lips home vitho the necessit’ 


eclipse. An Australian warship will 


carry the party from Sydney to th of a special expedi The weather 


temporary observatory site. Close at conditions of this ¢ ire expected 


hand there is a telegraph station to be the poorest the three 


After this time, if he evidence for 


Wollal, which will keep the expedi 


tion in touch with the outside world igainst Einstei j not sufficient. 


But the British, whose expeditions until the next 


secured the photographs of the 1919 unless by 
Ss, sensi 


1 Edited by Watson Davis, Scienc 


Service. llow light of the n « mored 
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tographed, January 16 


CAPTAIN ROALD AMUNDSEN 
On board The Carnegie wintering in the Potomar Rive! 
the day was cold Captain Amundsen made a flying trip from New 
York unencumbered by an overcoat. 


board the Quest started south to 


spend several years on a_ voyage 


arqund the coast line of the Ant 


arctic continent. He planned to 
bring back scientific data on the 
magnetism, biology, oceanography, 
geology and meteorology of that 
region. Now news comes that 
Shackleton is dead, even before he 
began the real work of the trip that 
he planned as his ‘‘swan song.’’ But 
his expedition will continue. 

In Baffin Land at a place called 
Nauwatta, Dr. D. B. MaeMillan and 
his expedition are wintering. They 
are busy making observations of 
magnetic, atmospheric-electrie and 
auroral effects. They are in the land 
of mysterious polar lights, whose 
shooting rays dance in rhythm with 
the quivering magnetic needle. With 
the cooperation of the Department of 
Terrestrial Magnetism of the Car 


negie Institut 


ion of 


Washingto: ; 


Thor 


igh 


) 


Louis A. Baner, director, special p! 


tographie instruments 


into the pola 


time. These 


will determine 


borealis come 


I regions 


should 


s close 


give data wi! 


te 


wer 


for 


whether tl 


» the 


e carrie 
the 

} 

we AUTO 


earth 


whether it penetrates no deeper tl 


sixty miles i 


nto th 


e earth’s atmos 


phere as Norwegian 


indicate. Unexplored 
interior of Baffin Land will probab! 


tests 


lake 


seen 


*s in th 


be accurately placed on the map b 
Dr. MacMillan. 


About Jur 


Amundsen, the 
“lth 


who discovere 


a 


Captain Ro 


Norwegian 


South 


‘ xplor 


Pole, v 


set out from Seattle to make anot) 


attempt at drifting across the Ar 


Sea frozen ir 
Maud will be 


1 the 


1€e, 


+ 


Aboard 


instruments 


for dete 


mining the magnetism and the 


netie-electric 


effects 


at 


the 


diffe rent 
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rts of the Ar 
visit. Soundings of 
eteorological observations will also 
made. There will be little leisur 
for Dr. H. U. Sverdrup, who will 
ave charge of the scientific work of 
expedition It is rumored tl 
Captain Amundsen, in additiqn to hi 
nterest in the scientific work, has 
natural desire to be the first man t 
isit both ends of the earth. 
While the coldest re gions are he ing 
iscovered and charted, there a 


lso seientific men who w ill eontend 


with the heat and life of the tropics 


This spring the Carnegie Institution 
is again sending parties headed by 
Dr. Sylvanus G. Morley and Dr. C. E 
Guthe into the ancient country 
Mava to learn th: 
iuncient civilizatio The ‘ield 
seum of Natural History at Chicago 
has announced that there will be six 
expeditions that wil leave for the 
tropies before the summer is well 
inder way, to be in the field fron 
two to five vears Two geologica 
irties will visit the area from Brazi 
Patagonia The Isthmus of 


Panama and the ti of Colombi 

IL be visited by an ircheological 
expedition and another party will go 
to the Malay Peninsula to study the 
ethnology of that region Peru wil 


searched by two expeditions, one 


oological and the other botanic 
THE CONCILIUM BIBLIO 
GRAPHICUM 
So fast and broad has been the 
progress of science during the last 
Tew decades that the ill-around scien 
fic man no longer exists. All that 
earnest worker in scienee can hope 
to do is to keep fairly well informed | 
in the small corner of the field of 
science that he has selected. But to 
keep complete ri of the re 
searches in a single subdivision of sci 


ence is perhaps an even larger task 


an 


im 


chan 


Scle 
f 


% 


nce 


Sel 


onK ially 


IESE eards 


subscribe to 


t | 


one kind 


now subserit 


than following a number of matters ire countries, and 


in a general way. 


Contributions to science are being 


in 


hi 


America 


ill 
of 


ers 


one 


advantag 
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THE FREER GALLERY 


ocated on the 


the Smithsonian Instituti 


Mall in Washington, 


vearly volumes, months o1 


that are the usual forms 


work Cards allow 


ot bibliographic 


wide distribution in a minimum of 


time. The references of the Con 
cilium are nlso assembled in book 


form by vears for libraries and 
others who want them 
The Concilium Bibliegraphicum is 


an American institution, in spite of 


its location. It is a living memorial 

which is the best kind—to Dr. Her 
bert Haviland Field, Harvard gradu 
ate and zoologist, who died in April 
of last year. In 1895, realizing how 


lack of 


research 


prompt references hampers 
work, he 
Concilium in the scientific center of 
Zurich. 


sidies from friends, then loans, kept 


established the 
It never paid expenses. Sub 


it going and producing, until the war, 
which stopped the whole project. Dr. 
Field died suddenly while doing his 
best to 
His efforts had 
Europe’s post-war curse, fluctuating 


re-establish his life’s work. 


been hampered by 
exchange. 
The Concilium has now been put 


on its feet, its obligations paid off, its 


this is the 


staff held 
issured by 


Foundation, given throug 


tional Research Couneil 


Kellogg, permanent secretary 


National 
Zurich to accomplish the 


Research ( ounell, 


re-estab 


ment. Dr. J. Strohl. of the 1 


sitv of Zurich, a 


zoologist and 


} ] 
ends 


linguist, now 


staff ind has thro 


complished 
reorganized 
himself, heart and soul, into the we 
At present the the 
the hands of the Sy 
Naturalists and the N 


tional Research Council, awaiting 


control of 
cilium is in 
Society of 
time that a representative inte 
tional board can take control. 

It is planned to expand the fi 
covered by the work of the ( 
cilium to cover other fields of scie 
permit. 7 


as soon as conditions 


abstracting of important papers 


also being considered. 


A CORPORATION FOR THE Al 
VANCEMENT OF PSYCHOLOG \ 
ALL scientific men are concern 


with the advancement of the scien 
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ethod 


d in 

ordanes 
fonon 

vsed 


rdvance 


suc h 


combus 
lions of dollars 
but the prot ts 
who keeps 
the laboring man liles 
for five cents If me tenth 
econonn value of seclrentinc 
eould be reserved 
tific men who do tl 
that they might adequ 
ward other researches, knowledg: 
its applications to human we 

? 


would increase ns neve! befor 


Like the physi il and biological 


Sciences, psychology has supphed to 


society services worth manvfold their 


eost. But universities are indigent 
and government is shortsighted An 
individual psychologist has no way to 
collect payment fo his work. The 


aervices of psychology to the armv u 


The objec 


poration s 


at psve hology 


setu 
It sl 


into contr 


pave hologiu ai 


ippheations 


; 
= 


4 


ork, 


chologis 


rivanceme 


pron otion 


ot 


have powel! 


for the execution 0o 


work, to render exp 


psve 
to ente 


service involving the application of 


Dave hology 


admiunistrat 


und to do all 


sistent with 


orporation 


to 


1vé 


is 


othe 
the 


educational, 


and other 


law under 
organize d, 


business, 


proble ms, 


things, not inéon 


which this 


to 


rdivance 
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psychology and to promote its useful names as candidates to succeed 


ipplicitions. late Edmund Perrier. The five m« 
ee ee nominated withdrew their names wh: 
SCIENTIFIC ITEMS they found out that Mme. Curi 
WE record with regret th leat! ease was on the list, and she ol 
of Professor Charles saskerville, tained 64 votes against 15 blanks 
director of the Chemical Laboratory 
of the College of the City of New THE officers of the Ramsay Men 
York; of Dr. Pearce Bailey, the New 
York neurologist; of Sir Willian 


Christie, formr astronomer roval; of 


rial Fund announce that the dean ar 
chapter of Westminster have co 
sented that a tablet containing 


° . : . . » “ls j } + , Sir r ’ 
Sir German Sims Woodhead. profes medallion portral ot ir Willia 
* ’ > R: : Lit be £ " est 
sor of pathology in the University of Ramsay should b plac ed in W 


minster Abbey in the place immed 


Cambridge, and of Father Guiseppi 


ately below that oceupied by th 
Hlooker tablet The tablet is being 


exeeuted = by Mr. Charles Hartwe 
Sir Davip PRALN is about to retire, . ; 
, : A.R.A. It is anticipated that th 
under the age rule, from the diree a 
unveiling will take 


Lais, vice-director ot the Vatiean 


( )bservatory 


place in Octobs 


torship of the Royal Botanic Gardens, ‘ 
: next At the request of the Ramsa 


Kew, which he has held since 1905. ‘ : . 
Memorial Committee a commemor: 


He will be succeeded by Dr. A. W. 3 ‘ ; 
: : tive medal of the late Sir Willian 
Hill, who has been assistant director 
= ; : Ramsay has beeen executed by 
since 1907. Dr. Hill, before his ap 7 : 
. ‘ French seulptor, -M. Louis Botté 
pointment to Kew, was lecturer in 


The medals will 


when it is known approximatel; 


; : : . struck in Lond 
botany in the University of Cam 


bridge, of which he is a graduats ! ie 
many copies will be required 


Dr. Hvuen M. SmitH, who has been 
er 7 <a g . A SUMMER meeting of the A) 
United States commissioner of fisl ; 

‘ . 1¢an Association >» Advan 
eries since 1913, has tendered his E 
4 = ment of Selence will, recent 
resignation. Mr Herbert Hoover, ; : 

, of the executive committee of 
secretary of commerce, has written ; 
-_ counell, be held at Salt I] 
to Dr. Smith: ‘‘I believe vour services 
: : : cde e from June 22 to 24, in conju 
for thirty-six vears, rising from the j 
' with the annual meeting of the Pa 


JAKE 


bottom to the top, In one of our great . ’ : 
Division of the association 


scientific bureaus, is unique in the - 
rangements for the meeting are 


history of the government The Mr WW. 


charge of Sargeant, secre 


whole country is under an obligation - = 
. tarv of the Paecifie Division A] 


+) 


to you for so iong and faithful a 
‘ members of the association and of é 


service.’ . — 
associated societies are invited to lh: 

Mme. Marit Curif£ on February 7 present, and all associated societies 
was elected «2 member of the Paris are invited to hold sessions. Sections 
Academy of Medicine It is the first of the association are also invited t: 
time a woman has been elected a mem hold sessions, but no attempt will b: 
ber of one of the French academies. made to have all sections represented 


‘ 


The committee had presented six on the program of the meeting 





